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AVIS. BERICHT.

D epuis 1923, les M ém oires publiés p a r  le Musée ne son t p lus Sedert 1923 w orden de door het M useum  uitgegeven V erhau
réun is en  Tomes. Chaque trav a il, ou pa rtie  de trava il, recevra delingen  n ie t m eer in  B anden vereenigd. Ieder w erk, o í gedeelte
un num éro  d ’ordre. La num éro ta tion  p rend  pou r po in t de dép art van een w erk, k rijg t een  volgnum m er. De n um m ering  begint
le p rem ier fascicule du  Tome I. m et de eerste  a flevering  van Deel I.

A p a r tir  de 1935, une deuxièm e série  de M ém oires a  été consti- In  1935, w erd  eene tw eede reeks V erhandelingen  opgericht,
tuée, les fascicules en possèdent une num éro ta tion , indépen- Het num m eren  der deelen e rvan  is o n afh an k e lijk  van  de tot
dan te  de celle des M ém oires publiés ju sq u ’alo rs p a r le Musée. dan  toe door het M useum  gepubliceerde V erhandelingen. Deze
Cette deuxièm e série est p lus p a rticu liè rem en t consacrée à  des tw eede reeks is m eer b izonderlijk  gew ijd  a a n  w erken, die n iet
su jets ne p résen tan t pas un  in té rê t im m édiat p o u r l ’exp lo ra tion  van onm iddellijk  be lang  z ijn  voor h e t onderzoek van  België,
de la  Belgique.
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OLIGOCENE A R C ID  PELECY PO DS
OF THE GENUS A N A D A R A  C)

ABSTRACT

This paper is the outgrow th of an attempt to determ ine what use m ight he 
made of the arcid pelecypod genus Anadara, sensu stricto,  in the interregional 
correlation of O ligocene sedim entary deposits. Although this genus is abun­
dantly represented in Miocene and younger strata, the list of O ligocene species 
is sm all. Nevertheless, these few  species are w idely distributed, occurring in 
North America, Europe, Africa, the Japanese Em pire, and possibly in the P h ilip ­
pine Islands. The addition of the O ligocene records of the closely related sub­
genus Scapharca  increases this distribution. Com parisons of specim ens from  
widely separated localities fail to reveal a single identical species in O ligocene  
strata on different continents, indicating thai identity of species of Anadara  is 
not apt to he of use in interregional synchronization of O ligocene beds even 
though this criterion is applicable locallv. This seem ing lack of stratigraphical 
value, however, may be offset by a consideration of Anadara  as a w hole, that is. 
Anadara, Scapharca, Cunearca,  and Larkinia.  Recorded data indicate that the 
representatives of these subgenera made their first appearances in m any parts of 
the world in form ations called O ligocene, never occurring in older rocks. It 
follows as a reasonable hypothesis that in any area contain ing a com plete m arine 
Tertiary section, the earliest geological occurrence of Anadara, sensu lato, in the 
section may he taken as suggesting  an O ligocene age for the formation in w hich  
it occurs.

Another purpose of this investigation was to discover if the representatives 
of Anadara, s. s., would fall into groups of m orphologically distinct species. 
Further, if such groups could he recognized, would they aid in separating

(*) Read before the Pacific Coast Section, Paleontological Society of Am erica, 
Stanford U niversity m eeting, April 12, 1935; abstract published in the Proceedings of the 
Geological Society  of America for 1935, p. 412, June, 1936.
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Miocene from O ligocene rocks ? The result of this attempt is negative, as the 
O ligocene species of A nadara differ no m ore from Miocene and younger species 
than they do from  each other.

Som e of the questions concerning the O ligocene are outlined, and reasons 
given  for includ ing in this Series strata of Tongrian to Aquitanian age, 
inclusive.

A large part of the paper consists of a catalogue of the described O ligocene  
species of Anadara s. s. together w ith a defin ition and diagnosis of the restricted 
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 im portant of these are described and m any of them  illustrated. Study of 
the younger species led to the description of the fo llow ing as new : Anadara  
(Anadara) bisenensis (Recent, Japan) and A. (d ). ferruginea  subspecies ivaloen­
sis (late P liocene or early P leistocene, Philipp ine Islands).

INTRODUCTION

W e had five questions uppermost in m ind at the outset of this study :
(1) W hat are the O ligocene species of the arcid bivalve Anadara, sensu stricto  ?
(2) Are there any general m orphological features w hich d istingu ish  O ligocene  
from Miocene and younger species of Anadara  ? (3) Can one adduce evidence
of a faunal break between the O ligocene and Miocene by the study of Ibis genus ?
(4) W hat evidence is there of interregional m igration of O ligocene species of 
Anadara  w hich m igh t justify  the use of these species in long-distance synchro­
nizations of strata ? (5) How does the Recent distribution of Anadara, s. s.,
compare with its O ligocene and later Tertiary extent ?

Answers to these questions in the order listed above are here attempted :

(1) The num ber of species of Anadara,  sensu stricto,  occurring in strata 
known or thought to be O ligocene is sm all. The species, so far as we have been 
able to determ ine them , are listed in Table 1. The O ligocene age and subgene­
ric allocation of several of these are in doubt.



OLIGOCENE ARCID PELECYPODS OF THE GENUS ANADARA 5

TABLE I. — Oligocene Species of Anadara.

S pecies A u t h o r

F ormation

(Stage) L ocality

A nadara {Anadara ?) daitokudoensis . M akiyam a H eirokudo K orea

A nadara (A nadara) granosa  . . . . L inné « Vigo G roup » P h ilip p in e  Is lan d s

Anadara (Anadara ?) guem beli . . . M ayer S tam pian  
( = R upelian)

B avaria

A nadara  (Anadara ?) in tercedens . . W olff Oligocene B avaria

A nadara (Anadara) m ed ta im pressa  . . Clark San  R am on C alifo rn ia

A nadara  (A nadara) m ed ia im pressa  var. 
s u b m o n te r e y a n a ................................... Clark S an  R am on C aliforn ia

A nadara (Anadara ?) speyeri . . . . Sem per S ternberg G erm any

A nadara (A nadara ?) strongi . . . . Loel & Corey V aqueros C alifo rn ia

A nadara (Anadara) sulcicosta  . . . . Nyst T ong rian B elgium

Anadara (A nadara) w a y la n d i  . . . . Cox P em ba Series P em ba Is land , 
A frica

A nadara (Anadara ?) sp. A ....................... Schenck & R ein h art P leito C alifo rn ia

A nadara  (A nadara ?) sp. B....................... Schenck & R einhart Nye Oregon

Anadara  (?) sp. C.......................................... Schenck & R einhart E ugene O regon

In addition, Anadara, sensu lato, is present in the Aquitanian of F iance  
(aquitanica) , the Vaqueros form ation of California (santana  and weddlei) ,  the 
Heath and Mancora form ations of Peru and Ecuador (me coensis), the Gaj 
(( Series » of India (oldhamiana , reported from  the Gaj as « Arca radiata 
Sowerby »), the « Patagonian form ation » of Patagonia (carnaronesia), and from  
other strata that have been taken by one author or another to be either late 
Eocene, O ligocene, or early Miocene.

(2) As to shell characteristics w hich m ight be used in differentiating assem ­
blages of O ligocene and Miocene or younger species of Anadara,  we have been 
able to observe only one feature —  the size of adult specim ens —  w hich has any 
value in this respect, and even Ibis must he used w ith great caution. The earliest 
species of Anadara, sensu lato, are relalively small in com parison to those of 
Miocene-Recent age. Thus, none of the O ligocene species of Anadara  attains a 
larger size than 41 m m ., as far as can he seen from available specim ens, with  
one exception, granosa,  a specim en of w hich , 61 m m . long, is here illustrated 
(PL II, fig . 9) from  the P hilipp ine V igo « group ». It is noteworthy that, 
although the Vigo m ay be O ligocene, it is generally called Miocene. In contrast 
to the scarcity of large O ligocene specim ens are the m any Miocene, P liocene, 
Pleistocene, and Recent species, particularly of Anadara, s. s., Larkinia,  and 
Scapharca  w hich , by com parison with the O ligocene specim ens, are veritable
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giants. The Miocene osmonti  com m only attains a len gth  of more than 50 m m .; 
trilineata,  the California Pliocene species, not infrequently exceeds a length  
of 75 m m ., whereas its variety calcarea is 80 m m . or m ore in length . Some 
specim ens of the Recent formosa  m easure 120 m m .

This increase in size is doubtless too indefin ite to have exact tim e value, 
but a trend from sm all to large species is nevertheless an hypothesis worth  
testing. The presence of a giant Anadara,  sixty or m ore m illim eters in len gth , 
in a geologic form ation of undeterm ined age would suggest a late O ligocene, or 
more likely a Miocene or younger age for that form ation. The opposite situa­
tion —  the presence of only sm all specim ens of Anadara  —  would not by itself 
mean a pre-M iocene age, because small specim ens of the genus are not uncom ­
m on in Miocene to Recent sedim ents.

(3) The question of w hether any faunal break between O ligocene and Mio­
cene is shown by this study of Anadara  has been answered in part in the pre­
ceding paragraphs, in w hich it was stated that no general differences could be 
detected between O ligocene and M iocene species, except occasionally in the 
matter of size. Differences between the O ligocene and Miocene species are in 
general no greater than those ex istin g  am ong the several O ligocene species 
them selves. In fact, several cases of close sim ilarity between O ligocene species 
and those in Miocene or younger strata have been noted. These are shown in 
Table II, w h ich  also indicates instances of close relationship between the O ligo­
cène species them selves. In this table, only species belon gin g  to Anadara s. s. 
and to Scapharca  are listed.

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

Age S pecies Analogue Age

A quitan ian  (Oligocene) . . . aquitan ica turonica H elvetian  (Miocene)

Vigo (Oligocene ?) to Recent . granosa bisenensis Recent

S tam p ian  (Oligocene) . . . . guem beli speyeri C battian  (Oligocene)

V icksburg  (« O ligocene ») . . in v id iosa m ik k u la C hipóla (Miocene)

H eath (« U pper O ligocene »). m eroensis daneyi B u rd ig a lian  (Miocene)

T o n g rian  (Oligocene) . . . . sulcicosta ■medtaimpressa San R am on (« Oligocene »)
osm onti T em blor (Miocene, in  part)

Pem ba Series (« A quitanian-
B u rd ig a lian  » ) .................... w a yla n d i dautzenberg i R ecent

tim orensis Pleistocene
ivaloensis Pliocene ?

(4) The question dealing with interregional m igration of O ligocene speci<
m ay be answered by the statement that this study has failed to show a single  
exam ple of absolute specific identity between specim ens occurring in the Ter­
tiary deposits of Europe, the Americas, and Asia. This fact suggests that suffi-
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cient time elapsed to perm it the species to undergo various changes in m igrating  
from one area to another. W e do not place undue faith in this hypothesis; a 
few specim ens from an unexplored area m ight change the conclusion com ple­
tely. All we can say is that at the present state of our know ledge identity of 
Anadara  species is not apt to be a reliable criterion for the correlation of O ligo­
cene form ations of the Pacific Slope of North America w ith those of Europe.

However, even though identity of species of Anadara does not appear likely to 
provide a m eans of wide correlation of O ligocene deposits, the geologic  distri­
bution of Anadara, sensu lato, suggests a rough basis for correlation. It has 
been stated already that Anadara s. s. did not appear until early O ligocene tim e. 
Sim ilarly, as brought out in Table III, other representatives of Anadara, sensu 
lato —  Scapharca, Cunearca,  and Larkinia  —  made their first appeaxances in 
deposits thought to be O ligocene. The fact that Anadara, sensu lato, had a wide 
distribution during the early Tertiary, appearing for the first tim e in m any pai’ts 
of the world in form ations called O ligocene by several authors, suggests this 
possibility ; In any com plete m arine sequence of sim ilar facies, the oldest 
form ation contain ing Anadara is probably of O ligocene age.

TABLE III. — Earliest occurrences of Species of Anadara, sensu lato.

R egion Si'ECIES O ccurrence

Europe Anadara (Anadara) sulcicosta  (Nyst) T ong rian , Belgium

E ast A frica A nadara (A nadara ) w a yla n d i Cox Pem ba Series, Pem ba 
Is land

Ind ia Anadara (Scapharca ?) o ldham iana  (Noetling) Gaj Series, S ind

Japanese  E m pire Anadara (Anadara ?) da itoku  do ensis 
(M akiyam a)

H eirokudo fo rm ation , 
K orea

E ast Ind ies Anadara (Scapharca) gedanensis (M artin) 
(Also o ther species)

R em bang beds, Jav a

Ph ilipp ine  Is lands Anadara  (A nadara ) granosa  (Linné) Vigo Group, T ayabas 
Prov ince

W estern  North A m erica Anadara  (A nadara ?) sp. A, Schenck & R einhart S an  Em igdio fo rm ation  
C aliforn ia

S ou theaste rn  North A m erica Anadara  (Scapharca) invid iosa  (Casey) V icksburg fo rm ation , 
M ississippi

A nadara (Scapharca) lesueuri (Dali) V icksburg formation.. 
M ississippi

N orthern South  A m erica A nadara (Scapharca ?) m eroensis  (Olsson) H eath  fo rm ation , P e ru

S outhern  South  A m erica Anadara (C unearca) carnaronesia  (von Ihering) Low er P a tag o n ian , 
P a tag o n ia

W est Ind ies Anadara (Scapharca ?) w illob iana  (Cooke) A ntigua fo rm ation , 
A ntigua Is land

(5) The relation between the Tertiary and Recent distribution of Anadara  
will be made clear by a scrutiny of the accom panying map, figure 1.
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W ORLD  (M ercator)— IO H

Mi.l.ll. A late

(or Eaoirrn Pacific

HALLS OUTLINE MAPS AND GRAPHS PUBLISHED BY |OHN WILEY A SONS. Inc.. NLW VORK
Copyright. I9M. by Robnl B I lull

Fia. \ .  — Map show ing distribution of Anadara.
M ap show ing  the d is tribu tion  of T e rtia ry  species of Anadara s. s. and  the  Recent m olluscan  
provinces (after W oodw ard) inhab ited  by liv ing  species. A nadara  does no t a lw ays occur th roughou t 
an  en tire  province. T hus, A nadara  does no t live today  off the sou thern  coast of South  A ustra lia , 
a lthough  it does l.ve in  the n o rth e rn  p a r t of the A ustra lian  P rovince, w hich  by W oodw ard 's  defin ition  
includes the ocean ad jacen t to the en tire  so u thern  h a lf  of A ustralia . A nadara  s. I. h a s  a som ew hat 
w ider d is trib u tio n  in  m odern  seas th a n  h as the typ ica l subgenus, occurring , for exam ple, in  the 
T ran sa tlan tic  m olluscan  province. The occurrences of fossils a re  g rea tly  genera lized  because of the

sm all scale of the m ap.

The oldest know n species of the restricted genus Anadara  is sulcicosta,  from  
the Tongrian of Belgium . D uring O ligocene tim e Anadara, s. s., lived as far 
north as latitude 56°, the northernm ost record for the genus. Species in h a ­
bited the Miocene seas of the present-day Antillean region. Species also lived  
in the Miocene seas of western South America, California, Oregon, and W ash­
ington , spreading as far north as latitude 47°, and below  the equator to 5° south  
latitude. On the Atlantic slope of North America, Miocene species ranged to 
about 39° 30 north latitude. An O ligocene (or Miocene) species occurs in East 
Africa, in the Zanzibar Protectorate. Specim ens are reported from the M iocene 
of the Dutch East Indies and the Philipp ine Islands, and perhaps from the Oli
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gocene of the latter place. A species tentatively allocated to the typical sub­
genus has been found in the Heirokudo form ation (Oligocene ?) of Korea. 
Numerous authors report Miocene species from several localities in the Japanese 
Empire.

The closely related subgenus Scapharca  occurs in the Aquitanian Stage of 
western Europe, probably in the Heath form ation (« upper O ligocene ») of Peru 
and Ecuador, the « O ligocene » of Antigua Island, and in the Vicksburg beds 
of M ississippi, not to m ention its m any records in strata of established Miocene 
age. Both Anadara, sensu stricto, and Scapharca  were cosm opolitan during the 
Miocene.

The tim e w hen Anadara, s. s.,  spread to the Americas and Asia is precisely  
what we should like to determ ine, since that inform ation would have a direct 
bearing upon the ages of certain form ations in the New W orld. Data in hand 
do not warrant a categorical statement; they perm it only of the postulation of 
this w orking hypothesis : species spread from  the assumed European center 01 

dispersal both eastward and westward along a Tethian route during the O ligo­
cene epoch; during the Miocene epoch Anadara, s.s.,  attained its m axim um  dis­
persal, later receding to its present-day distribution in the Lusitanian, W est 
African, Caribbean, Panam ic, Australian, and Indo-Pacific m arine m olluscan  
provinces. The hypothetical continental outlines (2) given by W . D. MattheAV 
for the Middle O ligocene and Miocene are not inconsistent w ith our hypothesis.

A detailed study of a single subgenus of the m arine invertebrates alone will 
not serve as the basis for the interregional synchronization of Tertiary form a­
tions nor for the proof or disproof of far-reaching theories. But w hen m any  
genera are analyzed thoroughly and the biochron of each subgenus and genus  
is ascertained in each local district, then satisfactory interregional correlations 
m ay be possible.
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DEFINITION OF ANADARA

The originally designated type species of Anadara  Gray, 1847, is the Recent 
tropical to subtropical species Arca ant iquata  L inné, 1758, the type locality of 
w hich is probably the Wrest Indies. The type specim en has been figured by 
Hanley (s) and by W oodring (4), and the accom panying text figures 2, 3, 4, and 
5 are based upon a representative of the species.

The nam e Anadara, sensu stricto,  is applied in this paper to those species 
having the general m orphologic characteristics of the genotype. The m ajority  
of the species arc elongate and not trigonal in outline, w ith um bones only  
m oderately prom inent. The shell is equivalve and the sculpture of the two 
valves is sim ilar, not discrepant. The follow ing species, cited m erely as exam ­
ples, are am ong those that can be assigned w ith confidence to Anadara, s. s. : 
« Arca  » sulcicosta Nyst, from the lower Tongrian of B elgium , and well figured  
by von Koenen from the Lattorfian of Germany; « Arca » diluvii  Lamarck, a

(3) H anley , Ipsa Linnaei Conchylia, p i .  4, fig. 3, 1855.
(4) W o o d r in g , Carnegie Inst. W ash .,  Publication  N" 366, p i .  4, figs. 1, 2, 1925.
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F ig s . 2 -5 . — Anadara antiquata  (L inné).

Anadara antiquata  (L inné); Recent, W est Indies. S tan fo rd  U niversity  Paleo . Type Coli. H ypotype 
No. 5318 (x0.7); leng th , 60.9 m m .; heigh t, 47 m m .; convexity  of one valve, 20.2 mm . Fig. 2, A nterio r 
view  of a ttached  valves; fig. 3, in te rio r of rig h t valve; fig. 4, do rsa l view  of a ttach ed  valves; fig. 5, 
ex terio r view  of rig h t valve. M easurem ents fo r h e ig h t and  leng th  are  m ade a long  the lines show n

in  fig. 3.

KEY TO SYMBOLS
AM .....................  A nterio r m arg in .
AMS .................  A nterior m uscle scar.
CR .....................  C renu la tions on in n e r m arg in .
CSC .................... C oncentric scu lp ture .
DM ......................  D orsal m arg in .
HL ......................  H inge line.
IS P  .................... In terspace  betw een ribs.
LA ......................  L igam en ta l area .

MG ........................ M edian groove (on rib).
PL ......................... P a llia i line.
PM ........................ P oste rio r m arg in .
PMS .....................  P oste rio r m uscle scar.
RR ......................... R adial ribs.
T  ............................  T axodon t teeth .
U ...........................  Umbo.
VM ........................ V entral m arg in .

com m on European Miocene species; Anadara waylandi  Cox, from  the Tertiary 
of Pem ba Island; and « Arca » osmonti  Dali, from the Tertiary of California.

The above defin ition excludes from Anadara, sensu stricto,  those species 
possessing the general characteristics of « Arca  » incongrua  Say, the type of 
Cunearca.  In the latter category are placed those forms that are distinctly  ine- 
quivalve, show m arkedly discrepant ornam entation on tlie two valves, and w hich  
are usually h igh  and short in outline.

Interm ediate between typical Cunearca and typical Anadara  are those species 
w hich, although having the outline of Anadara,  are inequivalve and with
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sculpture of varying degrees of discrepancy. Such species are referred to Sca- 
pharca  (type Arca inaequivalvis  Bruguière, 1789). Noteworthy is the fact that 
in Scapharca,  as well as in Cunearca,  the left valve is always the larger, over­
lapping the right. Sim ilarly, in those two subgenera, the discrepancy in sculp­
ture is due to the ribs of the left valve being more strongly noded or beaded 
than those of the right. Differences of dichotom y of the ribs on the two valves 
are also often present.

A few of the m any species of Scapharca  are the fo llow ing : « Arca  » ilarien­
sis Brown and Pilsbry, from the Miocene of the tropical Americas; « Arca » aqui­
tanica Mayer, from the Aquitanian stage of France; « Arca  » mirandana  H. K. 
Hodson, from the « Oligocene-M iocene » of Venezuela; « Arca  » f ichteli  Deshayes, 
from the Miocene of Europe; « Diluvarca  » m ik kula  Gardner, from the Miocene 
of Florida; and « Arca » sedanensis  Martin, from the R em bang beds of Java.

The subgeneric allocation of A. granosa  points to the difficulty of draw ing  
sharp boundaries between Senilia, Larkinia,  and Anadara, sensu stricto,  if 
dependence is placed upon one m orphologic feature alone. Separation m ust he 
made upon a com bination of characters. Senilia (genotype Arca senilis  Linné) 
may be distinguished from Larkinia  and Anadara, s. s., by its extrem ely proso- 
gyrous beaks, its unusually small num ber (15 or less) of sm ooth, broad ribs 
becom ing obsolete at the posterior and anterior extrem ities of the shell, and by 
its som ewhat trigonal profile. Larkinia  and Anadara, s. s.,  on the other hand, 
som etim es are not so easily separated from each other. As a rule, specim ens of 
the typical subgenus of Anadara  are elongate, w ith the beaks anterior to the 
center of the shell. In Larkinia  (type Arca larkinii  Nelson), the length of the 
shell ordinarily is about equal to the height, and the beaks are centrally placed; 
m oreover, representative specim ens of the genotype show  exteriorly a pronoun­
ced angulation separating the posterior slope from the central part of the shell. 
Anadara granosa,  Plate II, figure 9, and Plate IV, figure 1, com bines some 
of the characters of Anadara, s. s.,  and Larkinia,  having the general profile of 
the latter, but lacking the distinct angulation; the species is retained in the 
typical subgenus, although it is a border-line case.

Argina  constitutes a biological unit readily identified by the ligam ental area 
situated posterior to the um bones only; its anterior teeth are few in num ber, 
whereas the posterior teeth are num erous. The genotype is figured by Reeve 
(Conch. Icon.,  vol. 2, Arca, plate 4, fig . 22, 1844).

The definition of any genus or subgenus involves consideration of two 
separate and distinct matters : (a) the evaluation of the taxonom ic category,
considered from the biological point of view; and (b) the question of nom en­
clature, considered from the legalistic point of view . As to w hether one should 
treat Argina, Cunearca, Scapharca, Senilia,  and Larkinia  as subgenera of the 
genus Anadara  depends to a large degree upon the system atist’s professional 
judgm ent and point of view . Alleged genetic classifications of pelecypods have
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been proposed that are based upon a priori  assum ptions of relative ranks of cer­
tain m orphologic features; as, for exam ple, that the h inge is of generic rank 
and the ornam entation of specific rank. Such classifications have been praised 
as « objective » because of their uniform ity, despite the obvious subjective  
starting point. Other classifications, includ ing the one given here, are based 
upon the principle of the sum m ation of characters. The evaluation of m orpho­
logic differences and sim ilarities, however, is com plicated by questions of 
nom enclature. For exam ple, Reinhart has pointed out (5) that Senilia  and Argina  
were named earlier than Anadara,  and that although there is no statem ent in 
the International Rules of Zoological Nom enclature to cover such a situation, the 
strict application of the law of priority would force Anadara  to becom e a sub­
genus of Senilia or Argina  ("). Zoological considerations, therefore, rather than 
legalistic, lead to the fo llow ing arrangement :

F a m i l y  ARCIDAE.

S u b fa m ily  A N A D A R I N A E  R e in h a r t , 1935.

G e n u s  ANADARA G r a y , 1847.

S ubgenus LARKINIA R ein h a r t , 1935.

Subgenus CUNEARCA Dall, 1898.

S ubgenus SCAPHARCA G ray , 1847.

G e n u s  SENILIA G r a y , 1842.

G e n u s  ARGINA G r a y ,  1842.

G e n u s  NEMOARCA C o n r a d , 1869.

The International Com m ission on Zoological Nom enclature has ruled upon 
the question of the type genus of a fam ily (7). The opinion slates that the 
oldest included generic nam e need not be taken as the type for the fam ily nam e. 
No ru ling , however, is yet available as to the genotype of Arca, although the 
case was subm itted to the Com m ission in 1932 (8). W e accept Arca noae Linné 
as the genotype of Arca, for reasons given by Reinhart (1935), instead of Arca 
antiquata Linné, w hich, according to some authorities, should be considered the 
genotype. W e believe it likely that noae w ill be accepted ultim ately by the

(5) R e i n h a r t , Bull. Mus. Roy. Nat. Hist. Belgique, t. XI, N° 13 (August 1935), p. 54.
(6) For a sim ilar situation, consult the paper by Schenck and Frizzell. (Am. Jour. Sei.,  

vol. 31 [June 1936], p. 464-466.)
(7) Opinions rendered by the International Com m ission on Zoological Nom enclature, 

Opinions 124 to 133. (Smithsonian Miscellaneous Collections, vol. 73, N° 8 [October 28, 
1936], p. 41-44.)

(8) Our latest request for action w as addressed to Captain Francis H em m ing, Secre­
tary of the Com m ission, on January 19, 1937.
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Com m ission as the genotype of Arca;  the possibility nevertheless exists that 
antiquata  may be accepted instead. In that case, Anadara  would becom e an 
exact synonym  of A rea, and all of the species referred to Anadara  in Ibis paper 
would have to be called Arca.

Evaded here is the controversial subject of the evaluation of rank of the 
units treated in this paper. For exam ple, m any specialists condem n the sub- 
generic category on the grounds that il does not express satisfactory genetic  
relationships and leads to nom enclatural tangles (9). Senilia  was treated by 
Reinhart (op. cit . ,  p. 42) as a subgenus; it is here evaluated as a genus. After 
careful deliberation, we feei that the above schem e for the evaluation of the sub­
divisions of the Anadarinae is the most satisfactory arrangem ent possible at the 
present tim e. The value of the arrangem ent is that com m only-em ployed nam es 
may continue to refer to the accustom ed biological entities.

The tim e ranges of these units are as follows :

Anadara , sensu s t r i c t o ..................................Early Tongrian to Recent.
L a r k i n i a ......................................................... O ligocene (Vaqueros) to Recent.
C u n e a rc a ......................................................... Oligocene to Recent.
S c a p h a r c a ....................................................O ligocene to Recent.
S e n i l ia ...............................................................Tertiary (?) (10) to Recent.
A r g in a ...............................................................Late Eocene to Recent.
N em oarca ......................................................... Cretaceous.

DIAGNOSIS OF ANADARA, SENSU STRICTO

Shell equivalve, com m only inflated, heavy, elongate-oval in outline; 
um bones anterior to center of shell; beaks prosogyrous, poin ting  inward; length  
of adult shells usually 20 lo 75 m illim eters, rarely 120 m m .; external sculpture 
of regular, strong, radial ribs, w hich are plain, beaded, or grooved; interspaces 
often squarely excavated; concentric sculpture usually stronger on interspaces 
than on ribs; sculpture of two valves sim ilar, both as to num ber of ribs and 
degree and kind of ornam entation; most species possess from about 20 to 40 
radial ribs; w hen attached, two valves close tightly , lacking a bvssal gape; liga­
ment external, occupying practically all of the trough-shaped ligam ental area 
between beaks, and extending the length  of dorsal m argin , both anterior and 
posterior to beaks; surface of ligam ental area usually grooved by chevron-shaped

(9) S c h e n c k , H u b e r t , G., The Subgenus as a taxonom ic category. (Geol. Soc. A m .,  
Vroc. for i 936 [1931].)

(10) D r e g e r , Verhand, der k. k. geol. Reichsanstalt,  Jahr. 1895, N° 4, p. 129-130. 
Senilia senilis  (Linné), the genotype, is reported from a deposit at St. Paul de Loanda, 
A ngola (W est Africa), the age of w hich  is thought by Dreger to be M iocene, P liocene, or 
« D iluvial ».
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or, more rarely, by straight, longitudinal lines; h inge straight or slightly  
arched, extending nearly entire length  of dorsal m argin; h inge teeth num erous, 
fairly strong and regular, larger at extrem ities than at center of hinge; teeth  
more or less perpendicular to h inge line near beaks, but som ewhat oblique near 
extrem ities of h inge, so as to converge vent rally; two adductor m uscle scars, 
subequal in size, the posterior one com m only larger and more quadrangular  
than anterior; palliai line sim ple, in some species indistinctly  developed; inner  
ventral m argin crenulate, the crenulations corresponding to radial ribs on sur­
face; shell porcellaneous; periostracum  of horny material usually covered w ith  
« hairs ». D istribution : cosm opolitan, in warm , shallow water; m arine. Time 
range : Tongrian (early O ligocene) to Recent. Genotype : « Arca  » antiquata  
Linné.

CRITERIA OF SPECIFIC IMPORTANCE

All of the m orphological features of the shell m ust he taken into account in 
the identification of species. Of these features, the fo llow ing are considered 
the most im portant, the nom enclature em ployed being explained in text 
figures 2-5 :

(a) Form  —  size, shape, convexity, and thickness of shell. For exam ple, 
even a casual inspection of granosa  (PL IV, fig . 1), w ith a large, ovate, heavy 
shell hearing h igh , full um bones centrally placed, at once suffices to d istinguish  
this species from sulcicosta (PI. 1, fig . 3), w hich is relatively elongate and 
th in-shelled , and has I o a v , moderately sharp um bones located anteriorly.

(b) Sculpture  —  num ber, size, shape, and ornam entation of radial ribs; 
shape, relative w idth, and depth of interspaces; concentric sculpture. These 
features, shown on most of the accom panying plates, are illustrated in detail 
for several species on PL V. Figs. 2 and 3, for exam ple, clearly show the 
marked difference in radial and concentric sculpture between antiquata  and 
hankeyana,  two species w hich superficially resem ble each other in form. Again, 
com parison of fig . 5 with figs. 4c and 6, on the same plate, brings out the 
fact that the radial ribs of maioensis  are narrower in proportion to the inter­
spaces than those of t imorensis  or ferruginea.  The num ber of ribs, although  
varying som ewhat w ithin a species, is an important specific criterion, w hich  
can be used even on poorly preserved specim ens, ll is useful in dealing with  
young shells as well as w ith adults, as the num ber of ribs seem s not to change  
with age. Thus, the table show ing the dim ensions and num ber of ribs of bise­
nensis,  under the discussion of that species, shows that the num ber of ribs on 
a specim en 2 .8  m m . long is the same as on shells in the neighborhood of 
50 m m . long.

(c) Ligamental  area —  relative w idth, shape; type of ligam ental grooves 
and their arrangem ent. On PL VI are shown the ligam ental areas of several
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species, in w hich differences in relative w idths are striking, as between figs. 6  
and 7. Various different arrangem ents of the ligam ental grooves, or 
« chevrons » are there illustrated. F igs. 7 and 8 show species having a large  
num ber of closely-spaced « chevrons », whereas in fig . 3, antiquata  is shown to 
have no true « chevrons », bid only a groove bounding the outer side of the 
ligam ental area, w hich is striated w ith fine, horizontal grow th lines ly in g  
parallel with the h inge. Such horizontal grow th lines are also com m only  
developed in species bearing « chevrons », and may be discerned in figs. 1, 2, 5, 
and 7 of PI. VI. As is pointed out in the discussion of Anadara turonica,  the 
arrangem ent of the ligam ental grooves is the chief m eans of d istin gu ish in g  this 
species (PI. VI, fig. 2) from aquitanica  (PI. VI, fig . 1), and is likew ise important 
in separating both of these species from diluvi i  (PI. VI, fig . 6).

(d) Hinge  —  degree of arching; size, shape, inclination , and num ber of 
taxodont teeth (1X). Fig. 7 of PI. VI shows the h inge of fichteli ,  in w hich no 
arching can be observed, the h in ge being nearly straight. Som e of the others, 
however, show a definite though slight arch, caused by a th in n in g  of the h inge  
plate at the center, as in osmonti  (fig . 8). Fig. 6 shows a specim en of diluvii ,  
in w hich the teeth are longer, and the h inge wider than on speyeri  (fig . 5). 
Sim ilarly, the teeth of granosa  (PI. IV, fig . lb ) are relatively long, in contrast to 
m ost species. PI. VI, figs. 5 and 8 (speyeri  and osmonti) ,  show a h inge in w hich  
the posterior five or six teeth lie at an angle of about 45 degrees lo the b inge  
line, w hile the anterior teeth slope the other way, although less strongly. The 
two series of teeth thus converge ventrally. Such convergence is greater on 
some species than on others; for exam ple, fichtel i  (fig . 7) shows little conver­
gence.

(e) Adductor  muscle  scars —  size, shape, degree of prom inence. Variation 
in m uscle scars is an aid in specific determ ination. In granosa  (PI. IV, fig . lb )  
these scars are well developed and conspicuous, although in the related species 
bisenensis  (PI. IV, figs. 2 a-b) they are indistinct.

(ƒ) Palliai line —  The two last-named species illustrate the difference in 
developm ent of the palliai line between two related species; in granosa,  the 
palliai line is w ell developed, but in bisenensis  it is scarcely visible.

(g) Crenulat ions on inner m arg in  of shell  —  A com parison of hankeyana  
and granosa  (PI. III, fig . 4 a and PI. IV, fig . lb )  illustrates the variation of these 
crenulations. In m ost species, they do not extend inside the palliai line, although  
in bisenensis  (PI. IV, figs. 2 a-b) some extend dorsally alm ost as far as the um bo.

(“ ) The number of teeth is a criterion of specific value only on adult shells, as the 
number increases with growth.
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Some features, such as color, periostracum , and soft parts, available to the 
zoologist, cannot be observed by the paleontologist, and are therefore om itted  
from this list. In no case is any one feature sufficient for the identification of a 
species, but, on the contrary, a sum m ation of characters is always necessary.

DEFINITION OF OLIGOCENE

The term O ligocene is em ployed in this paper to include, in ascending  
order, the fo llow ing Stages (12) : Tongrian, Rupelian, Chattian, and Aquilanian  
(each w ith its type locality in western Europe), and their synonym s and corre­
latives. As is well know n, the upper and lower boundaries of the O ligocene  
Series, in Europe and elsewhere, are and will continue to be the subject of d is ­
agreem ent am ong stratigraphers and paleontologists, some affirm ing that the 
O ligocene should be restricted to include only the Rupelian and Chattian Stages 
and assign ing the Tongrian Stage to the upper Eocene, others m aintain ing that 
the Aquitanian Stage is referable to the Miocene Series. A few authorities even 
advocate the abandonm ent of the term O ligocene entirely. Those who defend 
its existence take the O ligocene Series to be a thickness of strata deposited during  
a given interval of tim e. Hence, the Series is a tim e-stratigraphic unit whose  
definition depends equally upon rocks and upon tim e (13). This m eans that 
paleontologie criteria are o f prim e im portance in the delim iting  of the O ligocene  
Series.

The problem  of the O ligocene, w hich cannot be treated fully  here, may be 
sum m arized as falling into two m ain categories : (a) the constitution of the
O ligocene Series at its type area in Europe, and (b) the correlation of sedim ent­
ary deposits in different parts of the world w ith the beds at the type area. The 
solution m ust rest upon detailed stratigraphie studies, the recognition of facies, 
the diastrophic record, and above all, in our opinion, upon com prehensive  
paleobiologic investigations. W hich kind of evidence adduced by investigators 
will meet with general acceptance is difficult to predict. Thus, whether 
M atthew’s (14) view that the first appearance of Anchither ium  in the Rurdigalian 
should mark the lower lim it of the Miocene w ill meet with general approbation 
of all specialists dealing Avith the Mollusca, one cannot say. Certainly, however.

( ia) S c h e n c k , H u b e r t , G. and M u l l e r , S i e m o n , W ., Stratigraphie Term ino logy , an 
unpublished paper presented before the Cordilleran Section, Geological Society of 
Am erica, Pasadena m eeting, 1936, contains the suggestion that w hen the w ords Stage, 
Series, Group, etc., are used in a restricted stratigraphie sense they should be capitalized. 
G r e g o r y  and B a r r e t t , General S tra tigraphy  (1931, p. 18), make a sim ilar suggestion.

(1S) S c h e n c k  and K l e i n p e l l , Bull. A m . Assoc. Pet. Geo!., vol. 20, N° 2, p. 215-217, 1936.
(14) M a t t h e w 7, Quart. Rev. Biol., vol. 1, N° 2, fig. 25, p. 167, 1926; consult also Viret. 

[Ann. Univ. Lyon, n. s. I, Sei., M ed., fasc. 47, p. 291-299, 1929.)
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such biological studies as his place the paleontological criteria in better per­
spective than do purely faunistic studies of lim ited form ations in isolated loca­
lities. The evaluation of paleontological evidence, in short, is best made by 
com prehensive reviews of individual taxonom ic units.

Even granting the com pletion of num erous com prehensive paleobiological 
and stratigraphical investigations, the delim itation of the O ligocene Series, as 
w ell as m any others, w ill have to he arbitrary. Consider as a related problem  
the question of where to place the boundary between the Recent and Pleistocene  
in Europe, the Sahara desert, the Philipp ine Islands, California, and Greenland. 
The criteria relied upon w ill vary both, w ith the locality and w ith the scientist. 
At som e locality or localities, the transition from one Series to another Series, 
if not, already know n, is certain to be discovered. The establishm ent of arbi­
trary lim its, therefore, is as satisfactory a m eans of d efin ing  the O ligocene Series 
as any yet em ployed.

It is proposed here as a consequence of Ibis argum ent to delim it the O ligo­
cene Series in a purely arbitrary m anner. The lower lim it of the Series is set 
at the base of the Tongrian Stage at its type area in R elgium , these lower beds 
includ ing, am ong others, the lower Tongrian m arine sands exposed at Vlier- 
m ael. A m ong the several reasons for includ ing the Tongrian Stage in the Oli­
gocene Series is that it was so allocated by Beyrich (15) in his original definition  
of the O ligocene. The upper lim it of the O ligocene Series is placed at the top of 
the Aquitanian Stage (16) at its type area in the Aquitaine basin of France.

Some stratigraphers oppose the allocation of the Aquitanian to the O ligo­
cene but place it, instead, in the M iocene. They em phasize the close relation­
ship between the Aquitanian and Burdigalian m arine m olluscan assem blages in 
the Aquitaine basin and point out that the Aquitanian Age marks the beg in n in g  
of a great transgression. In support of an O ligocene age for the Aquitanian, 
however, it m ay be pointed out that : (1) the faunas of all Stages are related
to those of adjacent Stages of the same facies and in the same district;
(2) transgressions are not satisfactory m eans for d elim itin g  geological tim e:
(3) the type Aquitanian Stage —  as a tim e-stratigraphic unit —  does not have 
its lower lim it defined satisfactorily by paleontological criteria; (4) m any spe­
cies of Aquitanian invertebrates are closely related to older species; and (5) the 
Aquitanian m am m als are O ligocene. On consideration of these points we are 
of the opinion that there are more reasons for than against taking the Aquita­
nian Stage as a division of the O ligocene Series.

The solution of the second class of problem s —  that of the synchronization  
of deposits in differenl parts of the world with beds at the type areas of the 
various O ligocene Stages —  is likew ise difficult. The correlatives of the Ton-

(15) B e y r i c h , K. preuss. Akad. W iss.  Berlin, M onatsber., Novem ber 1854, p. 664-666. 
See translation in W ilm arth. (U. S. Geol. S u rvey  Bull., 769, p. 53-54, 1925.)

(16) S c h e n c k , Bull. A m . Assoc. Pet. Geol., vol. 19, N° 4, p. 521-536, April 1935; 
Soc. Géol. France, C. R. S. des séances, fase. 10, p. 143-144, May 1935.
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grian, Rupelian, Chattian, and Aquitanian are set forth in a concise way by 
Julia Gardner (17) and these synchronizations are as satisfactory as m any. W e 
accept as possible correlatives of the Aquitanian Stage the lower Gaj « series » of 
India, the Rem bang beds of Java (18), and the « Vigo Group » of the Philippine  
Islands. The Vaqueros formation of California may be of Aquitanian age or 
even som ewhat older. It is because of the unsettled nature of m any synchro­
nizations that this paper contains discussions of species w hich later may prove to 
he characteristic of Series other than the O ligocene.

Also dealt w ith are some Miocene and younger species that are related to 
those com ing  from the O ligocene and supposed O ligocene beds. The justifica­
tion for this, if justification be needed, is that such treatment should aid in eva­
luating the m orphological differences of such species of Anadara as may be used 
in synchronizing widely-separated geological form ations.

LIST OF SPECIES EXAMINED

W e have exam ined specim ens of the eigh ty-six  species, subspecies, « varie­
ties », and « m utations » tabulated here under their original nam e-com bina- 
tions. So far as can be determ ined, this list includes all of the species of Anadara  
described from O ligocene form ations and m any from  Miocene beds, as well as 
several P liocene and younger species studied for com parison with the older ones 
and for the determ ination of essential facts of distribution. The study of these  
specim ens, therefore, forms the basis for this report. The subgeneric allocations 
were made for the most part upon the specim ens in hand. Som etim es the 
identifications of the specim ens could not be checked, and dependence 
was placed upon the nam e-label accom panying the fossils. In those cases, 
consequently, opinion regarding the subgenus of the species is tentative.

EXPLANATION OF SYMBOLS AND CONVENTIONS USED.

Boldface  t y p e ................................................ A n a d a r a ,  se n su  s t r ic to .
* ...............................................................D iscussed (figured) in text.
* * ...............................................................D iscussed (figured) in text and believed to be from the

Oligocene, or from beds called Oligocene.
! ...............................................................Assigned to Scapharca.
M ...............................................................A ssigned to Cunearca.
? ....................................................................Interrogation points added after any of these sym bols

in case of doubt.

(17) G a r d n e r ,  J u l i a , Table I in V aughan. [Bull. Geol. Soc. A m .,  vol. 35, p .  677-742, 
1924.)

(**) U m b g r o v e , Fourth Pacific Sei. Congress. Batavia-Bandoeng. Java, May-June 1929, 
p .  4-7, 1929.
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! Arca abdita  M akiyam a.
Arca am ericana  « G ray » W ood (Genus 

A rg ina ).
* Arca  an tiq u a ta  L inné.

**! Arca aquitan ica  M ayer.
! Arca  (Scapharca) b iform is  M artin.
• A nadara (A nadara ) b isenensis Schenck

an d  R einhart, n. sp.
! Arca breislacki B asterot.

!!? Arca barnesi d ’A rchiac an d  H aim e. 
Arca cam pechensis  « Gm elin » (Genus 

Argina).
!! Arca card iiform is  B asterot.

Arca (Scapharca) copiosa P ilsb ry  and  
Johnson.

! Arca cornea  Reeve.
** Arca (A nadara ) da itokudoensis M aki­

yam a.
?! Arca  (A nadara) daneyi C ossm ann and  

Peyro t.
! Arca dariensis  B row n an d  P ilsb ry .
! Arca delicatula  Casey (synonym  of A . 

in v id io sa ).
Arca (Scapharca) devexa P ilsb ry  and 

Johnson.
Arca  dev incta  Conrad.
Arca d iluv ii L am arck.

! Arca m u ldensis  var. elongata  Schaffer.
Arca  fe rru g in ea  Reeve.

’ Arca  (A nadara) ferrug inea  tim orensis 
K operberg.

* A nadara  (A nadara) ferrug inea  subsp.
w aloensis Schenck and  R einhart, n. 
subsp.

! Arca fich te li Deshayes.
Arca fo rm osa Sow erby.

!! Arca (Scapharca) g ending anensis  M artin . 
! Arca girondica  M ayer.

•* Arca g ran o sa  L inné.
Arca granosa  teschi K operberg.

•* Arca guem beli M ayer.
• Arca h an k ey an a  Reeve.
! Arca helve tica  M ayer.

!!? Arca hisp ida  P h ilipp i.
! Arca (Scapharca ) h u lsh o fi M artin .
I Arca inaequila tera lis  Guppy.
! Arca inaequ iva lv is  B ruguière.

!! Arca incongrua  Say.
•’ Arca  in tercedens W olfi.

Arca  (Scapharca ) in tu m u la ta  P ilsb ry  and  
Johnson.

" ( A r c a  invid iosa  Casey.
! Arca  (A nadara) ju n g h u h n i  M artin .

!! Arca larkhanaensis  d ’A rchiac & H aim e.

Arca  latesulcata Nyst.
! Scapharca  (Scapharca ) lesueuri Dali.

*• Arca (Scapharca) mediaimpressa Clark. 
I Arca  (Scapharca) m eneng tengana  M ar­

tin .
*! Arca (Scapharca) m eroensis  Olsson.
! D iluvarca (D iluvarca) m ik k u la  G ardner. 
! Arca  (Scapharca) m irandana  H. K. Hod- 

son.
!! Arca  (Scapharca) m u ltifo rm is  M artin . 

Arca n inohensis  O tuka (Subgenus L ar­
kinia) .

! Arca  (A nadara) nodosa  M artin.
Arca  (A nadara ) ogawai M akiyam a.

* Arca  osmonti Dali.
Arca peethensis  d ’A rchiac and  H aim e.

!? Barbatia  (D iluvarca) perp lura  W oodring.
Arca, pexata  Say (Genus Argina).

!! A rra p ilu la  Reeve.
!! Arca pom poniana  P ilsb ry  an d  Johnson. 
! Arca preangerensis  M artin .

•! « Arca radiata  » Sow erby.
!! Arca rhom bea  Born.

Arca rhom boidella  Lea (Genus P la­
g iar ca) .

!! Arca  (Scapharca ) sallad illoensis  H. K. 
H odson.

!! Arca  (A nadara) santaclarana  Loel and  
Corey.

Arca (Anadara) san tana  Loel and  Corey 
(S ubgenus Larkin ia).

Arca san tana  w edd le i Loel and  Corey 
(S ubgenus Larkin ia).

Arca secticostata Reeve.
! Arca (Scapharca) sedanensis  M artin .

•• Arca  speyeri Sem per.
'" ¡A rc a  (Barbatia) strongi Loel and  Corey. 
•• Arca  (Scapharca ) subm ontereyana Clark.

! Arca subrostrata  Conrad.
•• Arca sulcicosta Nyst.

Arca (Anadara) tam bacana M artin.
!! Arca (Cimearca) thalia  Olsson.

Arca trapezia D eshayes.
*! Arca turonica  D u jard in .
*• A nadara  waylandi Cox.
!! Arca w ebsteri P ilsb ry .
!! Arca  (Scapharca) w eeksi H. K. Hodson. 
!! Arca  (Scapharca) w iedenm ayeri H. K. 

H odson.
•*! Scapharca w illob iana  Cooke.

! Barbatia  (D iluvarca ) w ordon i W oodring. 
!l Arca  (Scapharca) zu liana  H. K. Hodson. 
!! Arca zu liana  var. m aracaibensis  H. K. 

Hodson.



OLIGOCENE ARCID PELECYPODS OF U I E  GENUS ANADARA 21

REPOSITORIES OF SPECIMENS

AddressName

B ritish  M useum  
(N atural H istory).

B ureau  of Science.

C alifo rn ia  Academ y of Sciences.

E idgenössisch  T echnische 
H ochschule.

F red  B aker Collection.

Geological In s titu te ,
Kyoto Im p eria l U niversity .

Geologisch In s titu u t, 
U niversite it van  A m sterdam .

Mecklenburgisch  e Geologisch e 
L andesansta lt.

Musée ro y a l d ’H isto ire  na tu re lle  
de Belgique.

M useum of Paleontology 
(Inverteb rates), 

U niversity  of C alifornia.

N atu rh isto risches M useum.

O ldroyd Collection.

Paleonto log ical R esearch 
Institu te .

P h ilad e lp h ia  Academy 
of Sciences.

R ijksm useum  van  Geologie 
en M ineralogie.

R oyal School of Mines.

S am m lung  fü r  Paläonto log ie  
un d  H istorische Geologie.

Schenck Collection.

Sedgw ick Museum.

Shell Oil Com pany.

S tanfo rd  U niversity  
Paleontological 

Type Collection.

United S tates N ational M useum.

London, E ngland.

M anila, P . I.

San  F rancisco , C alifornia. 

Zürich, Sw itzerland.

P o in t Lom a, C alifornia. 

Kyoto, Japan .

A m sterdam , The N etherlands.

Rostock, G erm any.

B russels, Belgium .

B erkeley, C alifornia.

Basel, Sw itzerland. 

S 'an fo rd  U niversity , C alifornia. 

Ithaca , New York.

P h ilad e lp h ia , P ennsy lvan ia .

Leiden, The N etherlands.

London, E ngland. 

M unich, G erm any.

S tan fo rd  U niversity , C alifornia. 

C am bridge, E ngland . 

B akersfield , C alifornia. 

S tan fo rd  U niversity , C alifornia.

W ash ing ton , D. C.

EXAMINED

Abbreviation

B rit. Mus.

P h il. Bur. Sei.

C. A. S.

Geol. In st., Kyoto Im p. Univ. 

Geol. Inst. Univ. A m sterdam .

Mus. roy . Hist. na t. Belg. 

Univ. Calif. Mus. Invert. Paleo .

O ldroyd Coli.

Paleo. Ties. Inst.

R ijks Geol.-Min. Mus.

Schenck Coli.

S tan fo rd  Univ. Paleo, type  coli. 

U. S. Nat. Mus.
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OLIGOCENE SPECIES OF ANADARA, s. s.

SPECIES FROM EUROPE 

Anadara (Anadara) sulcicosta ( N y s t ) ,  1836.
PL I, fig. 3; pi. II, fig. 1.

1836. Arca sulcicosta  N y s t , Rech. c o q . foss. de Housselt et K leyn-Spauw n., p. 10,
N° 26, pi. 1, fig. 26 . « Housselt et V lierm ael. »

1839. Arca sulcicosta. D u m o n t , Bull. Acad. roy. Sei. et Belles-Lettres, B ruxelles, t. VI,
2e partie, année 1839, N° 11, p. 473. Tongrian : G rim m ertingen, Hasselt, and
Lethen, Belgium .

1845. Arca sulcicosta  N y s t , Mém. cour, des Sav. Étrangers, Acad. roy. de Bruxelles, 
t. 17, p. 257-258, pi. 18, figs. 9a, b.

1848. Arca sulcicosta  N y s t , Mém. Acad. roy. Belg., t. 22 . Tableau synoptique... des 
Arcacées, p. 70-71. Tertiary : V lierm ael, Hasselt and Lethen, province of L im ­
bourg, Belgium .

1864. .4. duplicata  Sow . {partim),  v o n  K o e n e n , Quart. Jour. Geol. Soc. London, Proc.
Dec. 2, 1863, vol. 20, p. 100. N o t  Arca duplicata  Sow erby, 1824, a synonym  
of A. appendiculata  Sow erby, 1821.

1886. Arca appendiculata  J. S ow ., V i n c e n t , Ann. Soc. roy. M aiae. Belg., t. 21, p. 13.
N o t  Arca appendiculata  J .  Sow erby, M iner. Conch., vol. 3 , p .  135, p i .  276, fig . 3, 
1821; a Barbatia  from the Barton beds, Eocene, of England.

1893. Arca sulcicosta  Nyst, v o n  K o e n e n , Abh. d. geol. Landesanstalt, Bd. X, Heft 5, 
p. 1097-1100, pi. LXX, fig . la ,  1 b, 2a, 2b, 2c. Lower Oligocene : Lattorf, Atzen- 
dorf, Unseburg, W olm irsleben, O sterw eddingen, Lethen, Hasselt, V lierm ael, 
Brockenhurst.

1893.?, Arca sulcicosta  v a r .  camerata  v o n  K o e n e n , supra cit., p. 1099-1100, pi. 70, figs. 3-4.

1902.?, Arca appendiculata. M a u r y , B ull. Amer. Palaeont., vol. 3, N °  15, p. 327, M a g d e ­
burg sands : Germany; p. 391, Tongrian : Belgium .

1912. A. sulcicosta  N y s t , C o s s m a n n  and P e y r o t , Actes Soc. Linn. Bordeaux, t. 66, p. 282. 
D ifferentiated from daneyi,  an Aquitanian species.

1936. Anadara [Anadara) sulcicosta  (Nyst), S c h e n c k  and R e i n h a r t , Geol. Soc. A m ., Proc. 
for 1935 (June 1936), p. 412.

N o t  Arca sulcicosta  G abb, P a le o n to lo g y  o f  C a l i f o r n ia ,  v o l. 2 , p t .  1, p .  31 , p i .  9 , f ig s . 53. 
5 3a , 1866. (R e n a m e d  A. schizotom a  D a li ,  1898.)

T y p e  m a t e r i a l . —  Holotype u n k n o w n .  Lectotvpe (here selected) N° 1,
para types N°* 2-5, hypotypes N0' 112, 142, Mus. roy. Hist. nat. Belg.

T y p e  l o c a l i t y . —  « Sallies de Vlierm ael », lower Tongrian, at Vlierm ael,
Province of Lim bourg, B elgium . F ig. 6 is a sketch map show ing the general
geology of this district.
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E. van den Rroeck pointed out in the description of the Rilsen sheet (1883) 
that the Tongrian is a transgressive form ation, w ith a conglom erate (T gla) at 
the base, followed by 2-3 meters of sands, succeeded, in turn, by fossiliferous 
argillaceous sands (T glc) about 12-15 meters thick. Above these sands is a 
quartzose sand, finely stratified, having a m axim um  thickness of 8 m eters. 
These beds, totalling some 80 feet in thickness, com prise the lower Tongrian at 
its type area, although nearby a total thickness of nearly 250 feet is reported. 
The lower Tongrian grades upwards into hom ogeneous greenish  sands (Tg2a) 
of the lower part of the upper or <( fluvio-m arine » Tongrian. The m iddle part 
ot the upper Tongrian is the « Argile de Henis » (Tg2b), composed chiefly  of 
sandy clays and fine sands. The upperm ost part (Tg2c), classically exposed at 
Vieux-Joncs, is made up of clays w ith Cyrena semistriata  Deshayes, etc. The 
upper, or non-m arine, Tongrian locally has a m axim um  thickness of about 
50 feet. The Tongrian thus totals about 130 feet in thickness at its type area.

Y«)
H A S S E L T

T r . .. „

ipfi
^ ^ o n g r e  ; -AA

I 0 ) 2 3 4  5 6 7 8 9  IO KILOMETERS

F ig . 6 . —  M a p  s h o w in g  ty p e  lo c a l i ty  o f  Anadara sulcicosta.

Map show ing  the type locality  of A nadara sulcicosta  (Nyst), m odified  from  
« La carte  géologique de la  B elgique, tro isièm e é ta t », 1900.

T e = Eocene; TT = T ong rian  (low er O ligocene); Tr = R upelian  
(m iddle Oligocene); T mp = B olderian  (upper Miocene).

The stratigraphie relations between the Rupelian and upper Tongrian are 
well shown in several localities in this region. The basal Rupelian is m arine. 
The lower Rupelian (R l) consists of the « Sables du Lim bourg » w ith Gly c ym e ­
ris obovatus,  and the upper (R2) is the« Argile du Rüpel ». R ia  is a pebble 
bed, R ib  is the « Sables de Rerg », quartzose sands up to about 8 meters thick. 
R lc  is sandy clay, with num erous specim ens of Nucula, aggregating about 
10 meters in thickness. R id  consists of 4 meters of sands. R2a is gravel about
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1 m eter thick, R2c is 2 meters of clay. The total thickness of the Rupelian in 
Belgium  is about 450 feet (1#).

The Eocene beds underlying the Tongrian in Ibis area are not upperm ost 
Eocene (Bartonian), hence the Tongrian Stage at its type locality cannot he said 
to have a stratigraphie base. However, superposition is convincing  evidence  
that the type Tongrian is lower and older than the typical Rupelian.

M a t e r i a l  e x a m i n e d .  —  The type specim ens cited above; one topotype. 
Schenck Coli. N° 856. Numerous specim ens in the Natural History M useum, 
Brussels, from the « Sables de Vlierm ael » and from the lower Tongrian at 
Lethen, Broek. Hasselt, Sm eerm aas, and Neerrepen, Province o f Lim bourg, 
Belgium .

D e s c r i p t i o n  o f  l e c t o t y p e  a n d  p a r a t a p e s .  —  Shell of m edium  size for genus, 
equivalve, inequilateral, trapezoidal in outline; anterior m argin evenly rounded, 
ventral m argin nearly straight and parallel to h inge, posterior m argin sharply  
rounded below  and straight above; dorsal m argin interrupted by fairly prom i­
nent um bones located anterior to center of shell; m edial sulcus extend ing from  
tip of beaks to center of ventral m argin, hut pronounced only in vicin ity of 
um bones; no byssal gape; radial ribs 23 to 30 in num ber, crossed by inconspi­
cuous grow th lines: the ribs begin to dichotom ize w hen the shell attains a height 
of about 6 .5  m m ., becom ing distinctly tw inned at the ventral m argin; w idth of 
such « double » ribs is up to 1.8 m m .; right and left valves equally sculptured; 
ligam ental area m oderately wide, bearing 3 +  irregularly chevron-shaped liga­
mental grooves; h inge straight, hearing m any small taxodont teeth perpendic­
ular to the h inge line except at the extrem ities, where they becom e oblique; 
m uscle scars subequal; interior of shell vertically striated inside of palliai line; 
inner m argin of shell strongly crenulate, hui crenulations less strong at inter­
section of m edial sulcus with ventral m argin; palliai line rather weak.

D im e n s io n s .  — The lectotype and paratypes have the fo llow ing dim ensions :

TABLE IV. — Dimensions of types of sulcicosta.

Type 
specim en 
in  Musée 

Royal.

Length  
in  mm.

H eight 
in  mm.

Convexity 
of one 
valve 

in  mm.

N um ber 
of ra d ia l 

ribs.

R a tio  of 
h e ig h t to  
len g th  in

p e rcen t (*).

L e c to ty p e .............................. NO. 1 33.8 20.8 8.9 29 G2
No. 2 37.5 21.3 — 28 57
No. 3 25.2 14.9 5.7 27 59

P a r a ty p e s ..............................
No. 4 20.0 12.9 — 28 62
No. 5 7.3 4.8 1.8 23 62

(*) The ra tio  here  expressed  m ay  v a ry  from  abou t 1 to 5 %, depend ing  upon  the person  w ho 
m akes the m easurem en ts.

(19) F o u r m a r ie r , Ann. Soc. géol. Belg. Année 1933-1934, p. 173, 1934, gives the 
m axim um  thickness of the Tongrian as 80 m eters, of the R upelian 146 meters.
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Lectotype N° 1 is illustrated by figures 3 d, e, and ƒ of Plate I. The speci­
m en shown on Plate I, figures 3 a, b, and c is Hypotype N° 112 from Grimmer- 
tingen; its dim ensions are : length  21.6  m m .; height, 13.4 m m ., convexity (both 
valves), 12 m m ., m easurem ents by M. Glibert. The specim en figured on 
plate 11, fig . 1, is a right valve (from Neerrepen) 1.9 m m . in length; it is Hypo- 
type N° 142 of the same m useum .

In the collections in the Natural History Museum in Rrussels are num erous 
specim ens from the lower Tongrian sands of nearby localities in the province  
of Lim bourg. The dim ensions of these fossils are given in the accom panying  
Table Y.

TABLE V ("). — Dimensions of Anadara sulcicosta.

LOCALITY.

Sp
ec

im
en

.

L
en

gt
h 

in 
m

m
.

H
ei

gh
t 

in 
m

m
.

C
on

ve
xi

ty
 

(1 
va

lv
e)

.

C
on

ve
xi

ty
 

(2 
va

lv
es

).

N
um

be
r 

ra
di

al
 

ri
bs

.

Ra
tio
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G rim m erttngen  . . . . i 5.0 3.0 28 60 i
G rim m ertingen  . . . . 2 5.3 3.1 1.3 26 58 2
L e t h e n .............................. 1 12.1 7.8 3.2 25 64 3
L e t h e n .............................. 2 12.7 8.2 3.3 28 65 4
Broek .................................. 1 14.6 8.4 3.6 26 58 5
G rim m ertingen  . . . . 3 16.1 10.4 7.7 26 65 6
G rim m ertingen  . . . . 4 16.6 10.5 3.8 26 63 7
G rim m ertingen  . . . . 5 20.4 13.6 5.4 27 67 8
H o e s s e l t .............................. 1 21.2 13.5 26 64 9
G rim m ertingen  . . . . 6 21.7 14.4 11.6 24 66 10
S m e e r m a a s .................... 1 22.0 13.5 5.6 25 61 11
B roek ................................... 2 22.2 14.3 27 64 12
H o e s s e l t .............................. 2 24.0 141 5.2 28 69 13
L e t h e n .............................. 3 25.4 15.9 6.0 27 63 14
L e t h e n .............................. 4 25.7 16.5 7.4 28 64 15

L e t h e n .............................. 5 25.8 16.4 7.0 28 64 16
G rim m ertingen  . . . . 7 27.6 16.6 14.4 28 60 17
G rim m ertingen  . . . . 8 28.1 16.6 17.0 25 59 18
G rim m ertingen  . . . . 9 28.2 17.4 7.6 26 62 19
L e t h e n .............................. 6 28.2 17.6 7.7 29 62 20
B roek ................................... 3 28.6 17.7 28 62 21
G rim m ertingen  . . . . 10 28.7 16.0 6.4 25 66 22
H o e s s e l t .............................. 3 30.0 18.0 7.9 30 60 23
G rim m ertingen  . . . . 11 30.7 18.6 9.0 26 01 24
S m e e r m a a s .................... 2 31.2 19.4 7.2 29 62 25
Broek ................................... 4 31.8 18.5 27 58 26
Broek ................................... 5 32.2 17.9 28 56 27
L e t h e n ......................... 7 32.2 21.2 8.9 28 66 28
G rim m ertingen  . . . . 12 32.3 19.7 8.9 25 61 29
L e t h e n .............................. 8 33.3 20.0 8.3 28 60 30

(*) M easurem ents and  counts by H. G. Schenck.
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TABLE V. — Dimensions of Anadara sulcicosta (co n tinued ).
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G rim m ertingen  . . . . 13 34.1 20.5 17.8 29 60 31
H o e s s e l t .............................. 4 34.6 20 8 9.6 28 60 32
Broek ................................... 6 36.3 21.8 30 60 33
H o e s s e l t .............................. 5 37.1 22.7 9.9 28 61 34
H o e s s e l t .............................. 6 37.6 22.1 10.1 27 59 35
Broek ................................... 7 40.0 23.3 27 58 36
Broek ................................... 8 40.6 23.4 29 58 37
G rim m ertingen  . . . . 14 41.3 24.2 10.4 26 59 38

D i a g n o s i s  o f  t h e  a d d i t i o n a l  m a t e r i a l  f r o m  R e l g i u m .  —  The specim ens 
listed in Table V and some from Neerrepen furnish the basis for the fo llow ing  
remarks : The anterior series of teeth (especially in specim ens sm aller than
3 m m . in length) is short and som ew hat irregular, w ith the h inge widened  
anteriorly, in this respect having an Argina- like arrangem ent; the ligam ent, 
however, is am phidetic —  not confined to the posterior of the beak as in Argina.  
The teeth of these small specim ens are h igh ly  inclined in the posterior series, 
ly ing  at an angle of about 45° to the h inge line, but are more nearly vertical in 
the anterior series. On shells w h ich  are about 12 m m . in length , the h in ge is 
that of the adult. The ribs are entire and have a beaded appearance on shells 
A ±  m m . in len gth , and the m edial sulcus at this stage is pronounced to the 
extent that it forms an indentation of the ventral m argin. Although the num ber  
of ribs, regardless of the size of the specim en, ranges from  23-30, one-third of 
42 shells measured have 28 ribs. The ligam ental area is m oderately wide; a 
single valve 33.0 m m . lon g , for exam ple, has an area 3 .0  m m . w ide, measured 
directly under the beaks.

C o m p a r i s o n s  a n d  s u b g e n e r i c  a l l o c a t i o n .  —  Arca sulcicosta  var. camerata  
von Koenen (1893, p. 1099-1100, pi. LXX, figs. 3-4) is of doubtful validity. 
Considering its sm aller size, as compared w ith sulcicosta,  the d istinctions cited  
by the German authority are probably of little sign ificance.

Several species of Anadara other than sulcicosta  have an incipient or well- 
developed m edial sulcus and have other general features in com m on. Am ong  
these are speyeri  (Sem per), diluvii  (Lamarck), mediaimpressa  (Clark), invidiosa 
(Casey), daneyi  (Cossmann & Peyrot), and aquitanica  (Mayer). Only sulcicosta 
and invidiosa , however, have the medial sulcus extend ing from the beaks to 
the ventral m argin, whereas on the other species nam ed, Ibis depression is con­
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fined to the um bonal region. Since invidiosa  lias discrepant sculpture and is 
therefore a Scapharca,  it can be separated readily from  sulcicosta.

A. sulcicosta  need not be confused with Barbatia intumescens  Slodke- 
w itsch (20), described from the Charkov Stage of the O ligocene on the Om elnik  
River, southern Russia. This bivalve was described as a variety of « Barbatia 
sulcicosta Nyst », but it is not congeneric with Nyst’s species.

The Belgian species, sulcicosta,  was placed by Vincent and at one tim e by 
von Koenen in synonym y with Sowerby’s « Arca  » appendiculata  and duplicata,  
both from the upper Eocene of Barton, England. Von Koenen (1893) recog­
nized the m istake of his earlier determ ination and separated sulcicosta from  
appendiculata,  but additional discussion is pertinent.

C oncerning Sowerbv’s species, W ood (21) considered duplicata  Sowerby to 
be a variety of the earlier-nam ed species appendiculata.  The type of duplicata  
was « sent from Hordwell by several friends » (22) to Sowerby, and the type of 
appendiculata  is from Barton, adjoin ing localities. Both are from the Barton 
beds (23). The holotype, in the British Museum of Natural History, has the 
fo llow ing dim ensions, according to Cox : length, 16.8 n un ., height 11.8 m m ., 
convexity (single valve), 3 .9  m m . An exam ination of a num ber of topotvpes 
shows that it is not possible to m aintain even a varietal distinction between  
duplicata  and appendiculata  (the latter nam e to be retained).

These fossils, moreover, are not Anadara,  but Barbatia. The topotvpes from  
Barton have m any fine, narrow radial ribs that are undivided on the sm all shells 
and in the early stages of the larger ones, but the ribs are divided on the m ore 
m ature specim ens. The ligam ental area, w hich is present on both sides of the 
beaks, is up to about 2 .5  m m . wide, as m easured under the beaks. The teeth 
converge ventrallv and are small at the center of the h inge. The inner m argin  
of the shell is sm ooth on the larger specim ens; the byssal gape is sm all. The 
fossils exhibit no posterior enlargem ent in outline, as in the case of Cucullaearca.  
W ood’s figures give one a good idea of appendiculata,  but the larger topotvpes 
do not show such a dentate inner ventral m argin as do his figures. W ith the 
specim ens from Barton placed alongside of those from  near Tongrès, it is easy to 
distinguish  sulcicosta from appendiculata : by ornam entation, profile, character 
of inner ventral m argin, and other features.

(20) S l o d k e w i t s c h , Trans. Geol. and  Prospecting Service of U. S . S. R .,  fase. 89, 
p. 55, pi. 1, fig. 2. M oscow, 1932.

(21) W o o d , A M onograph of the Eocene B ivalves of England,  vol. 1, p. 79, p i .  14, 
figs. 3a-f. (Paleont. Soc. London), A ugust 1864.

(22) S o w e r b y , Miner. Conch.,  v o l.  5 , p . 116, p i .  474, f ig . 1, 1824.

(23) Letter to H. G. S c h e n c k  by L. R. Cox, dated October 30, 1933.
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The Tongrian species has also been confused w ith Anadara di luvii  
(Lamarck) (24), hut the two species can be d istinguished by the fact that diluvii  
lacks the conspicuous m edial sulcus and divided ribs characteristic of sulcicosta.

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

Anadara (Anadara ?) speyeri ( S e m p e r ) ,  1861.
PI. I, figs 4, 5; pi. VI, fig. 5.

1861. Arca speyeri  S e m p e r , Beiträge zur K enntnis der Tertiärform ation, 4 Teil, Katalog 
einer Sam m lung Petrefakten der Sternberger Gesteins, A rchiv des Vereins der 
Freunde der Naturgeschichte in M ecklenburg, Bd. 15, p. 323. Sternberg sand­
stone : Germany.

1907.?, Arca speyeri  Sem per, Ravn, M ém. Acad. roy. Sei., Let. de Danem ark, 7o sér., Sect. 
des Sciences, t. 3, N° 2, p. 262. Tertiary : Jutland.

T y p e  m a t e r i a l .  —  Holotvpe, unknow n.

T o p o t y p e s  and H y p o t y p e s  : M ecklenburgische G eologische Landesanstalt, 
in Rostock.

H y p o t y p e s  : Stanford U niv. paleo, type coli. N° 5957; Schenck coll., 
N°‘ 916a, 916b.

T y p e  l o c a l i t y .  —  Sternberg, near M ecklenburg, Germany. Sternberg  
sandstone, called upper O ligocene (Chattian) by Kayser (25). However, O. H. 
Schindew olf inform s os (26) that the Sternberg sandstone consists of blocks in 
glacial till and does not outcrop in place as a form ation.

O r i g i n a l  d e s c r i p t i o n . —  The o r i g i n a l  d e s c r i p t i o n  r e a d s ,  a f t e r  l i s t i n g  a  n u m ­

b e r  of s p e c i m e n s  i n c o r r e c t l y  i d e n t i f i e d  a s  « Arca di luvi i  » b u t  t h a t  a r e  a c t u a l l y

speyeri,  a s  f o l l o w s  :

« Von den vorliegenden Schalen ist keine ganz erhalten, aller aber bew ei­
sen deutlich ihre Verschiedenheit von der, m eistens A. di luvi i  genannten Art 
(Arca ant iquata  Brocchi nee.  L.) die vom W irbel ausstrahlenden Rippen sind 
bei dieser nie durch eine Längsfurche get beili, bei allen gut erhaltenen Exem ­
plaren der A. speyeri  aber sind sie es stets. An einer kleineren, gut erhalten  
Schale der A. speyeri,  deren Inneres aber verdeckt ist, zähle ich 29 Rippen, die 
nur in der Mitte der Schale ebenso breit wie ihre Zwischenräum e sind, vorne und 
hinten aber sehr viel breiter. Die Rippen sind platt und w enig  erhaben und die 
vorderen stets gefurcht. Der vordere M uskeleindruck ist bei beiden Arten älm -

(24) S ee  F a v r e , Catalogue illustré  de la Collection Lamarck,  1 part, Fossiles, Concii, 
dim yaires ,  pi. 30, figs. 192-199, 1918.

(25) K a y s e r , Lehrbuch der geologischen F orm ationskunde, 1924, p. 290.
(26) Letter dated February 15, 1936.
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lic h : der hintere aber ist an der oligocänen Art viel schwächer und von anderer 
Form

» Der von d ’Orbignv gegebene Name (27) ist vollständig sinnlos und umfasst 
ausser der vorliegenden oligocänen m indestens noch eine m iocäne Art. So habe 
ich geglaubt, der norddeutschen oligocänen Art, deren Selbständigkeit auch 
Deshayes anerkannt hat, einer neuen Namen geben zu dürfen und bitte Herrn 
Dr. Speyer die W idm ung derselben anzunehm en.

» Mein grösstes vollständig erhaltenes Exem plar des Sternberger Gesteins 
ist 16 Mm. lang und 13 Mm. hoch, doch kom m en noch bedeutend grössere 
Exem plare vor. »

D e s c r i p t i o n  o e  m a t e r i a l  e x a m i n e d .  —  Professor F. Schuh subm itted to us, 
through Professor Otto W ilckens, a suite of unattached valves from Sternberg, 
the type locality of the species. The specim ens m ay he described as follow s :

Sm all to m edium  in size, perhaps equivalved, m oderately inflated, inequi­
lateral; beaks prom inent, prosogyrate, situated anterior to center of shell; d is­
tinct, shallow  um bonal depression present at tip of beak on every specim en  
exam ined (34 in all), from  sm allest to largest, extend ing ventrally for only 1 to 
2 m illim eters; outline of shell rhom bic; anterior m argin rounded, ventral 
m argin slightly  rounded to straight; posterior m argin slightly  rounded to 
truncate; sculpture of 26 to 28 radial ribs (2S) crossed by less prom inent concen­
tric grow th lines; som e specim ens show a weak groove in the m iddle of the ribs, 
and some left valves have faintly beaded appearance usually not present on 
right valves; this discrepancy in sculpture is slight (29); ligam ental area narrow, 
nearly flat; a few chevron-shaped grooves present on one large specim en, super­
im posed upon longitudinal growth lines; teeth fairly regular, proportional in 
num ber to size of shell, there being about 50 on a specim en 21.5 m m . long, 
and only 26 on one 11 m m . long; on mature specim ens, teeth in central third 
of h inge small and perpendicular to h inge line, but at extrem ities of h inge, teeth 
are longer, and converge ventrallv, this convergence being far more pronounced  
on young specim ens than on adults; inner m argin of shell strongly crenulated; 
inside the indistinct palliai line, crenulations continue, in some of the sm all, thin  
valves, as radial grooves w hich reflect the external ribbing; interior of shell

(27) Arca su bd ilu v ii  d ’O rbigny  (P rodrom e , 1852, 3 , p. 123), placed (in part) by Sem per 
in the synonym y of 4 .  speyeri.

(2S) Sem per gives 29 as the num ber of ribs on the holotype, and w e have counted 30
on one shell (Schenck coli. N° 916) from Rosental, Germany.

(22) The largest valve in the lot agrees in  appearance w ith  an unfigured specim en
(N° 916, Schenck coli.) of th is species of equal size from the Chattian of Rosental, R hine­
land. On the specim ens from Rosental illustrated on plate I, figs. 5b, be, the discrepancy  
of sculpture is clearly m arked, all but the posterior ribs being beaded on the left valve, 
w hereas on the right, only the anterior ribs are beaded.
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not well preserved on adult specim ens exam ined; adductor m uscle scars indis­
tinct; shell evidently tightly  closed, w ithout a hyssal gape.

D im e n s io n s .  —  Measurements (in m illim eters) of the M ecklenburg Institute  
specim ens from  Sternberg are given in the accom panying Table VI.

TABLE VI. — Dimensions of Anadara speyeri.

SPECIM EN.
E ig h t 

o r le ft 
valve.

Length  
in  mm.

Height 
in  mm.

Convexity 
(one valve).

N um ber 
of ra d ia l 

ribs.

R a tio  of 
h e ig h t to  
len g th  in 
percen t.

1 ............................ R ight 7.7 5.4 2.0 27 70.1
2 ................................... R ight 8.5 6.2 2.3 28 72.9
3 ................................... R ight 8.2 5.7 2.0 27 69.5
4 ............................ R ight 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

1 0 ........................... Left 14.3 12.0± 83.2
1 1 .................................. R ight 14.6 9.6± 65.7
1 2 ................................... Left 21.5 16.4 5.2 28 76.2

S u b g e n e r i c  a l l o c a t i o n .  —  U ntil we have exam ined a specim en of this  
species w ith the valves in the attached position, we cannot decide w hether it is 
inequivalved or not, and hence cannot he sure that it is not referable 
to Scapharca.  The sligh t but d istinct discrepancy in sculpture of the right and 
left valves described above suggests that the species m ay belong to Scapharca.  
It is excluded from Cunearca  because it lacks the typically elevated profile of 
that subgenus. W e tentatively favor Anadara s. s. as the subgenus for speyeri.

C o m p a r i s o n s .  —  Anadara speyeri  has m uch in com m on w ith A. (Scapharca) 
aquitanica  (Mayer), the ch ief differences determ ined by an exam ination of the  
material available being the fo llow ing : aquitanica  has a slightly  more 
pronounced ridge extend ing from the um bones to the posterior ventral m argin  
and the ribs of th is species do not dichotom ize, whereas on speyeri  on both right 
and left valves of mature specim ens (especially on the anterior half of shell) the 
ribs are dichotom ous. Furthermore, aquitanica  is defin itely inequivalved. 
A. turonica  (Dujardin) is so closely related to aquitanica  that comparison w ith  
speyeri  is not necessary.

A. speyeri  also closely resem bles A.  (Scapharca  ?) daneyi  (Cossmann and 
Peyrot), from southern France. The latter species, how ever, has a continuously  
convex ventral m argin, whereas on speyeri  the ventral m argin is straight
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throughout a part of its course. A. daneyi  may also prove to be consistently  
slightly more elongate and m ore compressed than either speyeri  or aquitanica.  
For a com parison of speyeri  w ith its close relative, A.  (Anadara  ?) guembel i  
(Mayer), see the description of that species (page 32) and figures on plate II.

The h inge of a specim en of speyeri  is illustrated in figure 5, plate VI. The 
anterior part of the ligam ental area is bevelled sm ooth, whereas the posterior 
is bounded by a « c liff ». The contrast between Ibis and antiquata,  show n in 
fig. 3 of the same plate, is striking. Figure 4 (daneyi)  and fig . 6 (diluvii)  show  
the same bevellin g , as do fichtel i  (fig . 7) and osmonti  (fig. 8). The last two 
differ from the others shown on plate VI by the extrem e width of the ligam ental 
area and in having a larger num ber of « chevrons ».

1868. Arca G uem beli  M a y e r , V ierteljahrsschrift d . Naturf. Gesell, in Zürich, D reizehn­
ter Jahrgang, p. 33, 87 (separate pagination, p. 14, 69), Upper Bavaria.

1897. N o t  Arca G uem beli  M ayer-Eymar, W o l f f , Palaeontographica, Bd. 43, 5-6 L ief., 
p. 238, pi. 21, figs. 13, 14. Oligocène : Schlierach bei M eisbach. (Probably  
im m ature A. intercedens  W olff).

Type m a t e r i a l . —  Syntypes, Lot N° C-1063, Museum of Geology of the Eid­
genössisch Technische H ochschule at Zürich, Switzerland. Professor A. Jeannet
o

inform s us (letter dated July 7, 1936) that it was upon this lot that Mayer based

F ig . 7 . — M a p  s h o w in g  ty p e  lo c a l i ty  o f Anadara guem beli.
Sketch m ap  of the a re a  sou thw est of R osenheim , 
w est of th e  Chiem see in  B avaria , show ing  the 
O ligocène m olasse ca rry in g  Anadara guem beli (M ayer).

T his is  the type locality  of the species.

Anadara (Anadara ?) guem beli ( M a y e r ) ,  1868.
PI. II, fig. 6.

ABLING

MANGFALL ».

QLKjQCENT MQLASfiF

his original description. These specim ens were collected by Mayer h im self from  
Aubachgraben. Inasm uch as, again according to Jeannet (letter dated Octo­
ber 28, 1935), Mayer did not select a type specim en, we hereby designate as
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lectotype the specim en figured on plate II, fig. 6, one of the original syntypes 
from  Aubachgrahen. This specim en, a long w ith the others of Lot N° C-1063, 
is deposited in the same Museum of Geology at Zürich.

T y p e  l o c a l i t y .  —  Aubachgrahen ( =  Auerbachgraben), Upper Bavaria.
((....Marnes à Cyr ê n e s ........ partie m oyenne de l ’Étage aquitanien » ( =  Stam pian,
fide  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 Professor 
Jeannet.

O r i g i n a l  d e s c r i p t i o n .  —  « A. testa ovata, transversa, paulum  ventricosa, 
inaequilaterale costis 24, intersticiis paulo latiorihus, planulatis, sulco hum ili 
bipartitis, fere laevigatis; lateribus attenuatis, rotundatis; antico breviore; 
um bonibus tum idus, recurvis; area m ediocri, sublanceolata, sulcata; dentibus 
num erosis, satis tenuibus. —  Long. 20, lat. 14 m illim . »

Although Mayer did not figure this shell, he stated (supra cit. ,  p. 87) that
« la form e ovale de cette petite espèce, sa légère com pression et ses côtes peu
nom breuses, un peu espacées, bipartites et à peu près lisses la d istinguent de 
YA. turonica  avec laquelle elle a le plus de rapports. »

M a t e r i a l  e x a m i n e d .  —  Several specim ens from Aubachgrahen, and from  
the « A quitaniae » of Meisbach and Franenried in Leizachtal, Bavaria.

N o t e s  o n  m a t e r i a l  e x a m i n e d .  —  The lectotype, a left valve, has 24 radial 
ribs, slightly  beaded in the umhonal region. On the anterior half of the shell, 
the ribs becom e dichotom ous toward the ventral m argin . A slight, but distinct, 
umbonal sulcus, sim ilar to that on Anadara speyeri ,  is present. The h inge is 
typically anadarid, very sim ilar to that of speyeri.  The dim ensions are the fo ll­
ow in g  : Length, 18.6 m m .; height, 14.5 m m .; convexity, 6 .4  m m .

Specim ens from  Leizachtal, Bavaria; the largest has the fo llow ing d im en ­
sions : length , 14.0 m m .; h eigh t, 11.5 m m .; convexity of one valve, 5 .8  m m . 
As nearly as can be estim ated, the num ber of ribs is about 25, and on one shell, 
the ribs are slightly bipartite.

S u b g e n e r i c  a l l o c a t i o n .  —  The preservation of our specim ens is not good  
enough to allow us to assign this species unquestionably to Anadara s. s.

C o m p a r i s o n s .  —  A com parison of our figures of guembel i  with those of 
speyeri  from Sternberg, Germany (Plate I, fig. 4), clearly dem onstrates the close 
relationship of the two species; in fact, the m ain reason for differentiating them  
is that guembel i  has fewer ribs (23-25, usually 23-24) than speyeri  (26-30, usually 
26-28). F inally, the um bones of guembel i  are slightly more inflated than those 
of speyeri.
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Anadara (Anadara ?) intercedens ( W o l f f ) ,  1897.

1897. Arca intercedens  W o l f f , Palaeontographica, B d . 43, 5-0 L ief., p. 237-238, pi. 21, 
figs. 15-17. Oligocène : Bavaria.

1897.?, Arca gü em b eli  M ayer-Eymar, W o l f f , op. cit., p. 238, pi. 21, figs. 13, 14. (N o t  
Arca guem beli  Mayer).

T y p e  m a t e r i a l .  —  Type specim ens in Sam m lung für Paläontologie und h is­
torische Geologie in Munich.

T y p e  l o c a l i t y .  —  « Upper » O ligocene of H ochberg, Thalberggraben bei 
Siegsdorf, in Bavaria, southeast of M unich. Also present at the type locality  
are Glycymeri s  latiradiatus  Sandberger, Turritella sandbergeri  Mayer, and other 
species often referred lo as Upper O ligocene. A. M. Davies (1935, p. 168) 
believes that the assem blage may be Aquitanian.

N o t e s  o n  t y p e  s p e c i m e n s .  —  The type specim ens were exam ined by Schenck  
in April, 1934. The radial ribs are flat-topped, not suleate. They attain a width  
of 1.5 m m ., and are separated by interspaces of equal w idth. D im ensions are 
given in the accom panying Table VII.

TABLE VII. — Dimensions of Anadara intercedens.

SPECIM EN N«. L ength  in  mm. H eigh t in  mm.
Convexity 

in  mm. 
(one valve).

N um ber 
of ra d ia l ribs.

1 .................... 28.7 22.5 27
2 .................... 30.9 24.4 26 ±

3 .................... 33.3 23.5 26

4 .................... 31 + 26.4 12 25

The proxim ity of the type locality of intercedens to thai of guembel i  —  
both in the « Bassin m olassique » —  suggests that W olff’s species m ay he a 
synonym . However, specim ens exam ined during this investigation show certain  
m orphological differences, notably, in the character of the ribs. Lacking a 
series of specim ens for com parison, we hesitate to pass judgm en t on the validity 
of intercedens.
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SPECIES FROM AFRICA.

Anadara (Anadara) way lamii Cox, 1927.
1927. Anadara waylandi  Cox, Report Palaeont. Zanzibar Protectorate, p . 34-35, pi. 8 , 

figs. 5-7 . Pem ba Island, Africa.

T y p e  m a t e r i a l . —  (Figured specim ens) : Holotype, N° L43703; paratapes, 
N°* L43704 and L43705; (unfigured specim ens) : paratypus N"‘ L43706 to F43714, 
Brit. Mus. Paratapes : N° 2215, Schenck Coli.

T y p e  l o c a l i t y . —  Pem ba Island, Africa. Pem ba Series, « Aquitanian-Bur- 
digalian ».

M a t e r i a l  e x a m i n e d . —  Through the courtesy of L. R. Cox, we have exa­
m ined a num ber of perfectly preserved valves of this species. Because of the  
possibility that the Pem ba Series may prove to be upper O ligocene, this species 
is here recorded for the sake of com pleteness. The original characterization 
and illustrations of the species are adequate.

C o m p a r i s o n s . —  Anadara dautzenbergi,  (Lamv) (30), described from  New 
Caledonia, is close to waylandi  Cox and to our new  subspecies, maioensis, 
described on page 47. A. dautzenbergi  has 23 granulöse ribs, each one being  
distinctly grooved, a character w hich supports the slight differences in profile in 
separating the species.

SPECIES FROM THE PACIFIC SLOPE OF NORTH AMERICA.

Anadara (Anadara) mediaimpressa ( C l a r k ) ,  1918.
PI. I, fig. 1.

1918. Arca (Scapharca) mediaimpressa C l a r k , Univ. Calif. Pub. B u ll .  Dept. Geol., 
vol. 11, N ° 2, checklist, p .  80, p . 96 , 127-128, p i .  7 , figs. 7, 8; p i .  16, figs. 5-7. 
San Ramon form ation (« Oligocene »). Near tow n of W alnut Creek, Contra 
Costa County, California.

1921.?, Arca cf. A. mediaimpressa Clark, G ardn er  in D a r t o n , Jour. Geol., vol. 29, N° 8, 
p. 732. Vaqueros? form ation (lower M iocene or upper Oligocene) : Arroyo de 
la Purísim a, Baja California.

1929. Arca mediaimpressa Cl a r k , Stratigraphy and Faunal Horizons of the Coast Ranges 
of California. Berkeley, California, p. 17, pi. 16, figs. 5, 11. Typical species of 
San Ramon form ation, central California.

(30) L a m y , Jour, de Conchyliologie , vol. 55, N° 3 (1907), p. 232, pi. 3, figs. 9-11.
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1935. Anadara m edia im pressa  (Clark), R e in h a r t , B ull. Mus. roy. Hist. nat. B elg., t. XI,
N° 13, p. 40, footnote. Referred to A nadara , s. s.

1936. Anadara {A nadara ) m edia im pressa  (Clark), S c h en c k  and R e in h a r t , Geol. Soc. A m . ,
Proc. for 1935 (June 1936), p. 412.

T y p e  m a t e r i a l .  — H olotype, N" 11174; paratypes, Nos 11172, 11189, Univ. 
Calif. Mus. Invert. Paleo. Topotypes : N° 32439, U niv. C a lif.; N° 520, Schenck  
Coli. H ypotypes, V" 5301 and 5302, Stanford U niv. Paleo, type Coli.

TSP

WALNUT CREEK 

U.C. LOC.

1131

37  -  53

35 ‘

1 0  1 2

K I L O M E T E R S

Fig. 8. — Map show ing type locality of Anadara m ediaim pressa .

Map show ing type locality  (1131) of Ana fiara m ed ia im pressa  (C lark).
T tj, « Tejon » fo rm ation  (Eocene); To, San  R am on fo rm ation , type 
locality ; Tm, «Mont e r ey»  fo rm ation  (M iocene); Tb, B riones san d ­
stone; Tsp, San Pablo  fo rm ation ; T p , Pinole  tuff; T o r , O rinda 

fo rm ation ; Qtc, Q uaternary .
(After L a w so n , S. F. Bay Folio. U. S. G. S., an d  B. L . C la r k ,  Univ.

Calif. P ubl., Bull,. Dept. Geol., vol. 11, p la te  4.)

T y p e  l o c a l i t y . —  University of California locality 1131, one-half m ile south­
west of the town of W alnut Creek, Contra Costa County, California; San Ramon 
form ation, upper part of « San Lorenzo Series », O ligocene, according to Clark 
(1918, [). 80). Figure 8 is a map adapted from  Clark’s report, w hich in turn 
was adapted from the geological map in the San Francisco Bay Folio by A. C. 
Lawson. The type locality of the species and the relation of the San Ramon to 
adjacent form ations are show n. Local stratigraphie evidence does not prove that 
the San Ramon is older than the Turritella inezana zone; that presum ption is 
based upon the m olluscan faun ule, but even the fossils do not allow a precise 
synchronization of the San Ramon with other form ations in California.
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S u m m a r y  o f  d i s t r i b u t i o n .  —  In addition to its occurrence in the San Ramon 
form ation at its type locality , this species is present in « Miocene » strata in at 
least two localities in California. Stanford University hypotypes Nos 5301 and 
5302, from the Tem blor form ation of the Pozo quadrangle, San Luis Obispo 
County, California (31), appear to belong to mediaimpressa.  A lthough not per­
fectly preserved, these specim ens, w hen compared w ith the holotype and para­
types, resem ble them closely.

Another specim en of mediaimpressa  is in the paleontologie collection of the 
Shell Oil Com pany at Bakersfield, California, from Shell C° locality L. C. 
N" 2 (32), from  the lower 35 feet of a silt of supposed Miocene age. This silt, 
w hich is exposed in the vicin ity  of Round Mountain and elsew here near Bakers­
field, has not yet received a form al published name. The age of the silt is 
thought by R. M. Kleinpell (33) to range from  the Saucesion through the Luisian  
Stages, as defined by Kleinpell (1934).

The occurrence of a species referred to mediaimpressa  in the « Miocene » of 
Lower California, reported by Gardner in Darton (1921), is interesting, but we 
have not seen specim ens from this locality.

D e s c r i p t i o n  o f  t y p e  s p e c i m e n s .  -— Medium size, equivalve, m oderately  
inflated, inequilateral, elongately oval in outline; nm bones prom inent, 
situated anterior to center of shell, beaks po in ting  inward, prosogyrate; slight 
um bonal depression extends from tip of beak halfway to ventral m argin; sharply 
concave area on posterior dorsal slope; sculpture of 27 to 29 radial ribs crossed 
by concentric growth lines; ribs flat-topped, beaded on anterior half of shell 
(well shown on topotype N° 32439), separated by flat interspaces about as wide  
as ribs; ribs and interspaces crossed by closely-spaced concentric growth lines; 
m edial groove present on ribs near ventral m argin, becom ing distinct at 
distance of 10 to 15 m m . from um bo; m edial grooves not present on holotype, 
w hich is too small a specim en for these grooves to have developed; on U niv. 
Calif, topotype N° 32439, a relatively large individual, an additional groove is 
present near ventral m argin , on each side of m edial groove; ligam ental area, 
preserved on paratype N° 11172 (PI. I, fig . 1 5), long, nearly flat, rather narrow, 
wider in front of than behind beaks, bearing three chevron-shaped grooves, 
only the posterior halves of w h ich  are well preserved; h inge exposed only on 
holotype, gently  arched, shorter anteriorly than posteriorly, wider at extrem ities

(SI) Hypotype N° 5301, from the northeast corner of Section 15, T ow nship  28 South, 
Range 15 East; Hypotype N° 5302, from the center of the southw est 14 section 29, 
T ow nship  28 South, Range 15 East, M. D. M ., in bed of Indian Creek, near road inter­
section.

(32) Kern County, California, 2200 feet w est and 2100 feet south of the northeast 
corner of Section 32, T ow nship  28 South, Range 29 east, M. 1). R. and M. Collector, 
L. M. Clark.

(33) pergonal com m unication.



OLIGOCENE ARCII) PELECYPODS OF THE GENUS ANADARA 37

than in m edial area; teeth strong, regular, vertical at center, converging  
ventrallv at extrem ities of h inge; inner m argin of shell crenulated; interior not 
entirely exposed.

D im e n s io n s .  —  The dim ensions of the type specim ens are shown on the 
accom panying Table YHI.

TABLE VIII. — Dimensions of Anadara mediaimpressa.

SPECIMEN.
R ight 
o r le ft 
valve.

L ength  
in  mm.

Height 
in  mm.

Convexity 
in  mm.

N um ber 
of rad ia l

rib s.

R a tio  of 
h e igh t to  
len g th  in 
percen t.

Univ. Calif. Mus. Invert. 
Paleo.
H olotype 11174 . . . . R ight 14.8 11.8 4.7 29 79
P a ra ty p e  11172 . . . . Both 21.6 17.6 14.7 27 81
l’opotype 32439 . . . . Left 32.0 24+ 9.5 28

S tan fo rd  Univ. Paleo. Type 
Coli.
H ypotype 5301 . . . . Both 30 0 24.0 20.8 27 80
H ypotype 5302 . . . . Left 33.0 26.0 11 + 27 79

Schenck Coli.
Topotype 520-A . . . . Left 16.0 11.7 5.2 28 73

C o m p a r i s o n s .  —  This species resem bles Anadara osmonti  (Dali) (34) from the 
Tem blor form ation, « Miocene », of California. This com parison is based upon  
a sm all num ber of specim ens of mediaimpressa  and a large num ber of probable 
topotypes of osmonti  (3S) ranging in length  from  20 to 54 m m . and exh ib iting  
considerable variation in outline and convexity. The sim ilarity between the 
San Ramon and Tem blor specim ens is so great as to suggest the possib ility  
that one rather than two species is present, but the m eager representatives of 
mediaimpressa  do not warrant m aking a definite decision as to specific identity.

(34) Arca osm onti  D ali, U. S. Geol. S u rvey  Prof. Paper  59, 1909, p. 110; new  nam e 
for species figured (as Arca m icrodonta  Conrad) by Osmont, Univ. Calif. Pub. Bull. Dept. 
Geol., vol. 4, N° 4, pi. 8, figs. 1, 2, 1905.

(35) Schenck Coli. 2082; W agonw heel M ountain, Kern C°, California; most northerly  
hill in Sec. 36, T. 25 S ., R. 19 E., M. D. M., Tem blor sandstone; collector : Donald Birch.
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Anadara (Anadara) mediaimpressa, v a r .  submontereyana ( C l a r k ) ,  1918.

1918. Arca  (Scapharca) subm ontereyana  Cl a r k , U niv. Calif. Pub. B ull. Dept. Geol., 
vol. 11, N° 2, checklist, p. 80, p. 96, 128-129, pi. 16, fig. 2. San llam ón form a­
tion : central California.

1935. Anadara m edia im pressa  var. subm o uter ey  ana  (Clark), R e in h a r t , B ull. M us. roy. 
Hist. nat. Belg., t. XI, N° 13, p. 40, footnote. Referred to Anadara s. s.

T y p e  m a t e r i a l .  —  H olotype, N° 11186; paratvpe, N° I1186A, Univ. Calif. 
Mus. Invert. Paleo.

T y p e  l o c a l i t y . —-  U niv. Calif, locality 52, « 1 \  m iles south of town of 
W alnut Creek, near top of first ridge west of W alnut Creek; elevation 350 feet »; 
Contra Costa County, California. San Ramon form ation, « O ligocene ».

C o m m e n t s  o n  t y p e  s p e c i m e n s . —  The type specim ens are so poorly preserved 
that the status of submontereyana  is in doubt. W ell preserved m aterial may 
show submontereyana  to be a synonym  of mediaimpressa:

Anadara (Anadara ?) strongi ( L o e l  a n d  C o r e y ) ,  1932.

1932. Arca  (Barbatia) s trongi  L o e l  and C o r e y , Univ. Calif. Publ. Bull. Dept. Geol. Sei., 
vol. 22, N u 3, p. 183, pi. 7, fig . 11.

T y p e  m a t e r i a l . —  Cotypes, N" 31762, Univ. Calif. Mus. Invert. Pai., loc. 
A-527. Paratvpe, N° 110, Schenck Coli.

T y p e  l o c a l i t y . —  On spur, west side of b ig  bend of Laguna Canyon, about 
2.5  m iles North of Laguna Beach, Orange County, California. « Vaqueros- 
Tem blor transition zone. »

D i s c u s s i o n .  —  This species is based upon unsatisfactory m aterial and its 
subgenus, therefore, cannot be determ ined. The species, however, is defin itely  
Anadara, sensu lato, not a Barbatia.  Loel and Corey treat this as a Miocene 
species, but because subsequent work m ay show that it is better considered Oli­
gocene, we record this bivalve here for the sake of com pleteness.

Other poorly-preserved specim ens of Anadara  (Schenck Coli. 290) perhaps 
referable to this species were collected by Schenck from the Vaqueros form ation  
on upper Kings Creek, Santa Cruz county, California, Section 6, T. 9 S ., R. 2 W ., 
M. D. M., about two m iles by road upstream from the main h ighw ay, in soulh- 
dipping beds. L. Forrest collected specim ens on K ings Creek from the same 
stratigraphie position —  1500 feet above the base of the Vaqueros —  but in 
north-dipping beds, and associated with Pecten  (Pecten ) sanctaecruzensis  Arnold. 
These fossils fall in the Zemorrian Stage of the Pacific Slope Tertiary.
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Anadara (Anadara !) sp. A.

1923. . I r e «  sp. W agner and S c h il l in g , U niv. C a li f .  Publ. Bull. Dept. Geol. S e i . ,  vol. 14, 
N ” 6, p. 248.

S p e c im e n .  —  N° 30195, U niv. Calif. Mus. Invert. Paleo.

L o c a l i t y .  —  U niv. Calif, locality 3218, cast center of the southwest quarter, 
Section 21, Tow nship 10 North, Range 21 W est, S. B. B. & M., Kern County, 
California; bluffs on east side of Pleitito Creek, three-fourths m ile north of Rock 
Springs, Pleito form ation (36), « O ligocene » of California geologists. This for­
mation was included in the « San Lorenzo formation » of Hoots (37).

D e s c r i p t i o n .  —  An im perfectly preserved interior mold of an elongate left 
valve; len gth , 18.7 m m ., height, 8 .4  m m .; num ber of radial ribs, ca. 25; beaks 
situated 5 m m . posterior from  rounded anterior extrem ity.

S u b g e n e r i c  a l l o c a t i o n .  —  Preservation prevents a definite assertion that 
this specim en falls in the typical subgenus rather than in Scapharca.

P o s s i b l e  o c c u r r e n c e  in  S a n  E m ig d io  f o r m a t i o n .  —  W agner and Sch illin g  
(op. cit. ,  p. 244) record an « Arca  » from U niversity of California locality 3231, 
San Em igdio form ation. This record is based upon a broken im pression lacking  
both heaks and h inge. The ribs are those of an Anadara,  and are sulcate as in 
A. mediaimpressa.

S i g n i f i c a n c e .  —  The im portance of these records is that they show the pres­
ence of Anadara, sensu lato, in beds older than the Turritella inezana zone. 
Thus, the oldest specim ens of Anadara from Hie Pacific Slope of North America 
are from the Refugian Stage, or « O ligocene », as that term is used currently.

Anadara (Anadara ?) s p .  B.

S p e c i m e n .  —  N° 31504, Univ. Calif. Mus. Invert. Paleo.

L o c a l i t y .  —  U niv. Calif, locality 10023, northwest quarter of Section 10, 
Tow nship 11 south, Range 11 west, Lincoln County, Oregon; on railroad 
between Yaquina and Newport, Yaquina Bay; lower part of the Nye shale, upper 
O ligocene or lower Miocene. The stratigraphie relations of this form ation and 
the geographic position of locality 10023 are dealt with by Schenck (Univ. Calif. 
Puh. Bull. Dept. Geol. Sei., vol. 18, N° 1, p. 23, fig. 7, 1928), w ho collected the 
specim en.

(36) Consult W a g n e r  and S c h i l l i n g , supra cit., p .  235-276.
(37) H o o t s , U. S. Geol. S u rvey  Bull.,  812-D, 1930.
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D e s c r i p t i o n .  —  An interior m old of a right valve having the fo llow ing  
dim ensions : length  35 m m ., height 26.5  m m ., convexity 5 .5  m m . Num ber of 
ribs : 22. Shell ovate in outline; um bo rather pointed, situated toward anterior 
en d .

This specim en is illustrated and discussed in more detail in a paper by 
Reinhart now  in preparation.

Anadara (?), sp. C.

S p e c im e n .  —  N° 2127, Schenck Coli.

L o c a l i t y .  —  University of Oregon locality N° 8 0 ,  Lane County, Oregon, 
Eugene quadrangle, about one-half m ile west of B. M. 447, on S. P. Railroad; 
m assivé sandstone of the Eugene form ation of Refugian —  « O ligocene » —  
age; associated with Aturia angustata  (Conrad), Epitonium condoni  Dali, etc. 
The locality is shown in the paper by Schenck (Univ. Calif. Puhi. Bull. Dept. 
Geol. Sei., vol. 18, N° 1, 1928), w ho collected the poorly preserved specim en.

D e s c r i p t i o n .  —  Shell sm all, quadrangular, equivalve, inequilateral, 
inflated; anterior dorsal m argin short, rounded; anterior extrem ity broadly 
rounded; ventral m argin alm ost straight; posterior extrem ity rounded, though  
slightly  truncated dorsally; posterior dorsal m argin gently slop ing; cardinal 
area narrow; um bones anterior to m iddle of shell; surface sculptured by about 
26 low , rounded ribs separated by shallow  interspaces about twice the w idth of 
the ribs. D im ensions : len gth , 14 m m ., height, 10.8 m m ., convcxily  of both  
valves, 9 .8  m ín.

G e n e r i c  a l l o c a t i o n .  —  The h in ge  is not visib le, hence we cannot be sure 
that the specim en belongs to the Arcidae. However, its general profile and 
character of ribbing suggests that it may belong to Anadara.  Dr. A. Myra 
Keen exam ined the fossil carefully and reported (verbal com m unication) that it 
could not be a cardiid.

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

I n t r o d u c t i o n .  —  A survey of the arcid pelecypods from the Japanese 
Em pire, the P hilipp ine Islands, and Netherland Indies discloses I lie presence of 
a num ber of species of Anadara, sensu ¡ato, in the Cenozoic rocks of that area. 
Thus, <( Arca  » tambacana  Martin, 1910, from  the Upper Miocene and Pliocene  
of Java, is Anadara, sensu stricto,  whereas « Arca » sedanensis  Martin, from  the 
Rem bang beds of Java, as well as several other species nam ed hv Martin, belongs  
to Scapharca.  « Arca » rhombea  Born, of which we have seen specim ens from
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the P liocene and Quaternary of Java, is a Cunearca.  Sim ilarly, we have seen a 
num ber of specim ens, under one nam e or another, from  the P hilipp ines and 
Japan, and these are referable to Anadara, sensu lato. Hence, the presence in 
this region of num erous species of Anadara,  includ ing some belongin g  to the 
typical subgenus, is established; how ever, in our attem pts to isolate the O ligo­
cene species of Anadara, s. s., we are confronted hy extrem e uncertainty regar­
d ing the age of the beds, in European term inology, in which these species 
occur.

J a p a n e s e  E m p i r e .  —  A survey of the literature and correspondence w ith  
K. Hatai and J. Makiyama disclosed no record of Anadara, sensu stricto,  in 
beds know n to be older than late O ligocene. Specim ens of A. dai tokudoensis  
from the Heirokudo form ation, northern Korea, are believed to belong to the 
typical subgenus; the age of the form ation is treated tentatively as Aquitanian. 
The several species of Anadara  from  the Miocene and younger form ations of the 
Japanese Empire need not be discussed at this tim e.

P h i l i p p i n e  I s l a n d s .  —  Specim ens of Anadara  are present in the « Vigo  
Group » of the Philipp ine Islands. Dickerson (3S) figured as « Arca ferruginea  
Reeve » a specim en from the « Vigo Group » of the Bondoc Peninsula, Tayabas 
Province, Island of Luzon. The same author (s9) figured « Arca granosa  L inné » 
from the same « group », together w ith ferruginea,  and perpetuated the inher­
ited view  that the Vigo is Miocene. « Arca  » cornea  Beeve and « Arca  » tene­
brica Reeve have also been recorded from  this « group », but the first-nam ed is 
Scapharca  and the latter is a Barbatia.

Too little is known of the detailed stratigraphy and paleontology of the 
« Vigo Group » to perm it us to enter into a discussion of the relative m erits of 
the O ligocene and Miocene age assignm ents of' this « Group ». Those who favor 
its Miocene age m ay quote Sm ith (40), who followed D ouvillé, who, in turn, fo ll­
owed his belief that, the Aquitanian Stage is Miocene. Those who favor an 
O ligocene age for the « Vigo Group » may quote as their authority the recent 
paper by Faustino (41). Perhaps before m uch more fo llow ing is done, local 
stratigraphers w ill define in a satisfactory m anner just what is meant hy the 
« Vigo Group ». It is em ployed in the literature as a lithogenetic term —  a for­
m ation or several form ations, or cartographic units —  and as a time-stratigra- 
phic term, a Series.

(3S) D i c k e r s o n , R. E. in  S m i t h , Geology and Mineral Resources of the P h ilipp ine  
Islands, 1924, pi. 9, fig. 3.

(39) D i c k e r s o n , P hilipp ine  Jour. Sei.,  v o l .  18, N° 1, January 1921, p. 11.
(40) S m i t h , Spec. Puhi. Bernice P. Bishop M u seu m , N° 7, 1921, p. 770-774.
(41) F a u s t i n o , P h ilipp in e  Jour. Sei.,  v o l .  35, N° 7, February 1928, p. 125.
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N e t h e r  l a n d  I n d i e s .  —  « Arca » sedanensis  Martin and « Arca » hulshofi  
Martin, from the Rem bang beds of Java, are both Scapharca  (42). We have not 
seen any specim en from those beds that can be assigned with certainty to Ana­
dara, sensu stricto.  Upper Miocene, P liocene, and Pleistocene specim ens, on 
the other hand, defin itely fall in the typical subgenus.

Anadara (Anadara ?) daitokudoensis (M a k iy a m a ) ,  1926.

1926. Arca (Anadara) daitokudoensis M a k i y a m a , Mem. Coli. Sei. Kyoto Imp. U niv.,
Ser. B., vol. 2, N° 3, p. 153-154, pi. 12, figs. 10, 14, 15. Heirokudo form ation :
Korea.

1936. Anadara daitokudoensis M a k i y a m a , Mem. Coli. Sei. Kyoto Im p. U niv ., Ser. B., 
vol. 11, N° 4, Art. 8, p. 197, 205. Heiroku stage : Daitokudo and Nenseki; Uetuki 
series.

Type m a t e r i a l . —  Holotype i n  Geol. Inst. Kyoto Imp. Univ. Topotvpes 
N° 1905, Schenck Coli.

T y p e  l o c a l i t y .  —  Daitokudo, M eisen-gun, North Kankyo-do, Korea; Heiro­
kudo form ation.

M a t e r i a l  e x a m i n e d .  —  Through the courteous cooperation of S. Nomura 
and K. Hatai, we have before us two topotvpes of this species. The specim ens 
suggest that the species is Anadara, sensu stricto.

D i s c u s s i o n .  —  Makiyama (1936) reported this species associated with Batil­
laria and Vicarya callosa Jenkins. The latter species is often taken as Aquita­
nian. Makiyama (1926) believed that the Heirokudo form ation is Upper Eocene. 
W e believe that one m igh t hold, in the ligh t of the new finds, that the form a­
tion is Upper O ligocene.

Anadara (Anadara) granosa ( L i n n é ) ,  1758.
PI. II, fig. 9; pl. IV, fig. I.

1758. Arca granosa L in n é , System a Naturae, 10 Ed., p. 694. « Habitat in  0 .  Europae 
m eridionalis. »

1855. Arca granosa Linné, H a n ley , Ipsa Linnaei Conchylia, p. 95-96.
1907. Arca granosa Linné, L am y , Jour. Conchyliologie, vol. 55 , N° 3 , p .  210-214.
1922. Arca granosa Linnaeus, D ic k e r s o n , P h ilip . Jour. Sei., vol. 20 , N° 2 , p. 203, pi. 6, 

fig. 4. « Vigo Group » : Bondoc Peninsula, P. I.
1932. Arca granosa Linné, D o l l f u s  and D a u tz e n b e r g ,  Jour. Conchy., vol. LXXVI, p . 293.

T y p e  m a t e r i a l .  —  Linnean Society Collection, London.
T y p e  l o c a l i t y .  —  Uncertain; probably Indo-Pacific.

(42) The Kembang beds have been correlated w ith  the Aquitanian; consult K a y s e r , 

Geologische F or mations kunde, II, 6 u. 7 A uflage, p. 373, 1924.
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M a t e r i a l  e x a m i n e d .  —  Recent specim ens (N° 368, Oldroyd C oll.). One 
specim en, (fig . 9, pi. II), from the Vigo <( group » of the Bondoc Peninsula, 
Tayabas Province, and several fossils from  W right, Samar, all from  the P h i­
lippine Islands. One topotype of A. teschi  Koperberg (Schenck Coli. 2039).

D i a g n o s i s .  —  The fo llow ing is the original description of the species :
« A. testa subcordata sulcis m uricatis, natibus recurvis, m argine crenato. »

Hanley (1855, p. 95-96), made the fo llow ing statem ents :
» This species first appeared in the tenth edition of the Systema,  with refe­

rences to figures in Colum na, Bonanni, Gualtier, and A rgenville. The two former 
engravings are so ill executed as to be almost irrecognizable. The first repre­
sents a crowdedly grooved fossil; the second a mere interior, w hich , intended  
possibly for A. di luvii  (jud ging , at least, from the Italian locality) was probably 
only quoted from being cited for this species hy Gualtier. Both the latter are
decidedly m eant for the Arca granosa of modern conchology, of w hich the char­
acters are in accordance w ith the postulates of the diagnosis. The erroneous 
locality was derived from the statement of Bonanni, the reference lo whose work 
is correctly expunged in the copy of the younger Linné, who has substituted  
« List. t. 242, f. 79 ». The Arca granosa  (Chenui. Conch. Cab., vol. vii, pi. 56, 
I. 557) is still present in the collection (as indicated in the list) and alone of the 
shells therein contained agrees w ith the com bined pictorial and descriptive defi­
nition.

» Although Gualtier and A rgenville alone are cited in the Museum lillie a e , 
the « altera testa m inor » of that work leads us lo infer that some inequivalve  
species m ust have been the original of that description. »

The Linnean types of this species are illustrated on Plate IV, figure 1.
W e hereby designate the right valve shown in figs. 1 b, c, and d  as the lectotype 
of this species. The m easurem ents of the Linnean shells are g iven in Table IX.

TABLE IX. — Dimensions of Linnean specimens of Anadara granosa.

SPECIM EN. L ength  in  m m . H eight in  mm. Convexity 
in  mm.

N um ber 
of rib s  ( ') .

R a tio  of he igh t 
to  leng th  

in percen t.

L e c to ty p e ......................... 48.0 38.0 16.0 22 79

P a r a t y p e ......................... 37.5 31.0 17.0 21 83

(*) «Th i s  inc ludes m arg in a l r i bs»,  sta ted  R. W inckw orth  (le tter dated  O ctober 26, 1936), w ho 
m ade the m easurem en ts g iven  above. These m arg in a l ribs, tw o in  num ber, w ere no t included  in 
ou r coun ts m ade on o th er Recent shells.
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T u e  V ig o  S p e c i m e n .  — The specim en figured on p i. II, fig . 9, is from Locality 
F-15, Bahay River, Bondoc Peninsula, Tayabas Province, probably identical 
w ith or near I lie locality and geological form ation (Vigo) from  w hich Dicker­
son’s figured specim en was obtained. This left valve m easures, in m illim eters: 
len gth , 61.3; height, 51.1; convexity, 25.2: num ber of ribs, 17. This valve has 
been compared with the figure given  by Chem nitz (pi. 56, fig . 557), said by 
Lamy to be the true granosa.  It has also been compared w ith Recent specim ens 
from the P hilipp ines, w hich likew ise agree w ith the figure in Chem nitz. II 
thus seem s certain that the Vigo specim en is correctly identified.

S u b g e n e r i c  a l l o c a t i o n .  —  The difficulty of m aking an unquestionable allo­
cation of granosa  to the typical subgenus of A nadara is referred to on a previous 
page (p. 12).

C o m p a r i s o n s .  —  A. granosa  resem bles bisenensis,  described on page 4 4 ,  

where the differences separating the species are pointed out. A lthough Anadara  
ferruginea  and its relatives (maioensis , t imorensis,  dautzenbergi,  and waylandi ) 
are som ewhat sim ilar to granosa,  these arc more elongate, proportionally less 
inflated, and never grow  lo such a large size as granosa,  adults of w hich attain 
a length  of at least 75 m illim eters. Furtherm ore, the heavy transverse bars on 
the ribs of granosa —  prom inent on adult shells, and even distinctly noticeable  
on young specim ens —  are characteristic. The subspecies teschi  Koperberg (1931) 
is of doubtful validity.

D i s t r i b u t i o n .  —  In addition to the Vigo record of A. granosa in the Phi­
lippine Islands, this species likew ise occurs in the P liocene of Australia C13) and 
the P leistocene of Timor. Boettger (1908) gives a range of Miocene to Recent 
for the species. The Recent localities g iven  by Lamy show that the species is 
widespread in the Indo-Pacific m arine m olluscan province.

Anadara (Anadara) bisenensis S c h e n c k  &  R e i n h a r t ,  n. s p .

PI. IV, fig. 2; pi. V, fig. 1.

A rca  g r a n o s a  (p a r t im ) of authors, n o n  Linné.

T y p e  m a t e r i a l .  —  H olotype N° 6026, Stanford U niv. Paleo. Type Coll.; 
paratype N° 894, Oldroyd Coll.; hypotypes N°* 6018-6025, in cl., Stanford Univ. 
Paleo. Type Coli.

T y p e  l o c a l i t y .  —  Risen, on the Inland Sea, Okayama prefecture, Japan; 
Recent.

(43) Letter from J. M arwick, March 4, 1935.
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D e s c r i p t i o n . —  Shell m oderately large for subgenus; inflated; in profile, 
anterior m argin curving evenly into ventral m argin , posterior m argin straight 
in ils upper half; dorsal m argin straight, interrupted by um bones placed at 
anterior third of shell; beaks prosogyrate; shell equivalved. Sculpture consis­
ting of 16 to 17 radial ribs (17 on holotype) of w hich the anterior 10 or 11 are 
strongly noded, the posterior ribs plain and sm ooth; sculpture sim ilar on the 
two valves; concentric lines of growth traverse ribs and interspaces alike; liga- 
m ental area broad and flat, bearing one or more chevron-like grooves on each 
valve; ligam ent extends on both sides of beaks, covering nearly all of ligam enta] 
area; h inge nearly straight, teeth regular, sm aller and more closely-spaced at 
center than at extrem ities of h inge; crenulations on inner m argins of shell 
pronounced, extending faintly up to um bones; palliai line and m uscle scars 
indistinct.

W e have at our disposal a large growth-series of known age; that is, w ith  
reference to date of hatching from eggs. A num ber of these are figured on plates 
IV & V and their d im ensions and ages g iven in the accom panying Table X.

These specim ens show a gradual elongation in outline w ith increase in size, 
the shells 60 days old being nearly equilateral. The ribs of these young speci­
m ens are nearly plain , w ith but traces of incipient nodes. From an age o f 90 
days onward, the shells show distinctly noded ribs. The num ber of ribs is the 
same (16-17) on all specim ens, from the youngest to the oldest. The shell at 
six m onths shows all of the characteristics of the adult.

D im e n s io n s .  —  The dim ensions of the holotype and hypotypes of this new  
species are g iven  in l’ai de X.

TABLE X. — Dimensions of Stanford University tyipes of Anadara bisenensis.

SPECIM EN. Length in mm. Height in  mm.
Convexity 

in  mm. 
(both valves).

N um ber 
of ribs. Age.

H ypotype No. 6018 . . 2.8 2.3 1.8 17 60 days
H ypotype No. 6019 . . 4.6 3.6 2.9 17 90 days
H ypotype No. 6020 . . 11.7 8.8 6.9 16 6 m onths
H ypotype No. 6021 . , 21.8 17.2 14.3 17 1 y ea r
H ypotype No. 6022 . . 26.7 21.8 18.8 17 2 y ea rs
H ypotype No. 6023 . . 35.1 25.2 21.0 17 3 years
P a ra ty p e  No. 894 . . . 42.0 31.8 24.0 16
H olotype No. 6026 . . . 47.4 36.3 30.3 17
H ypotype No. 6024 . . 49.1 39 3 29.8 17 5 years
H ypotype No. 6025 . . 56.3 44.8 39.8 16
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C o m p a r i s o n s . —  The new species differs from  granosa  as follow s :
(1) A. bisenensis  has generally 16-18 ribs, in contrast to the 17-20 ribs on 

granosa.
(2) The profiles of the two are dissim ilar, bisenensis  being more elongate.
(3) The um bones of bisenensis  are not as broad as those of granosa.

The new species agrees w ith the specim en figured as granosa by Matsumoto 
(1930), but the contrast between his subfossil and the true granosa w ill be 
apparent by contrasting his figure 2, plate XL with plate 56, fig . 557, of C hem ­
nitz. Because of this confusion of identification, one cannot rely upon such a 
list of occurrences as that by Nomura (1933), as it is likely that m ost of his records 
of granosa refer to the b iologic unit here given a new  specific nam e. Further­
more, the biom etrical study by Oinom ikado (44) is probably of bisenensis.

A. bisenensis  is related to « Arca » nodifera Martens (45), described as a 
Recent shell w ith 21 nodose ribs. A specim en from Japan identified as nodifera  
is figured by Otuka (46).

That bisenensis  is not confined to the Japonic province but occurs also in 
the Indo-Pacific is proved by a specim en of this species in the Fred Baker co llec­
tion. One individual (valves attached) com es from the largest of the Luchu 
(« Loochoo ») Islands, latitude ca. 26° 30' N.

Anadara (Anadara) hankeyana ( R e f .v e ) ,  1844.
PI. III, figs 3, 4; pi. V, fig. 3.

1844. Arca Hankeyana R e e v e , Conch. Icon., vol. 2, p i. 10, fig . 68.
1907. Arca (Anadara) antiquata ( L i n n é )  var. Hankeyana Reeve, L a m y , Jour. Conchylio­

logie, t. 55, 3° trim estre, p. 201, 206-207. Red Sea; New Caledonia.

T y p e  m a t e r i a l . —  Holotype unknow n; not in Brit. M us., fide  G. C. Robson, 
letter dated July 10, 1936. Hypotype (pi. III, figs. 3), Phil. Bur. Sei. Hypo­
type (and topotype), N° 6056, Stanford Univ. Paleo, type Coli. Two valves 
(Schenck Coli. N° 2040), Pleistocene of Tim or.

T y p e  l o c a l i t y . —  Harbor of M ozambique, Recent.

C o m p a r i s o n s . —  The fossil specim en figured on plate III is from  the Tertiary 
of Ratan Island, Province of Albav, Philipp ine Islands; the exact geologic  age 
of the beds carrying the specim en is unsettled. This shell is am ong those from  
the P hilipp ines that has been m asquerading under the nam e « Arca » antiquata

{ ■ '* )  O in o m ik a d o , The Venus, v o l. 6, N° 3 , p. 135-145, 1936.
(4iS) M a r t e n s , Proc. Zool. Soc. London , Part XXVIII, p. 17, 1860.
(46) O t u k a , The Venus, v o l.  6, N° 3, 1936, figs. 3 and 4.
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Linné, a species w hich has its type locality in the W est Indies. The Philippine  
fossil has three longitudinal grooves on each rib, whereas antiquata  has only  
one on each. Since this shell agrees in outline, sculpture, and proportions w ith  
llie topotvpes of hankeyana,  as our figure 3, piale III, and figure 4, plate III, 
clearly dem onstrate, we think that its identification is correct.

D im e n s io n s .  —  The dim ensions of I he specim ens here figured are shown in 
Table XL

TABLE XI. — Dimensions of hypotypes of Anadara hankeyana.

SPECIM EN. Length  in  m m . H eight in  mm.
Convexity 

in  mm. 
(one valve).

R ig h t o r left 
valve.

N um ber 
of ribs.

Phil. Bur. Sei. . . . 51.7 40.0 17.8 Right 33
S tan fo rd  Univ. Paleo.

type coli. No. 6056. . 70.8 52.2 23.1 Right 37

D i s t r i b u t i o n .  —  In addition to its Tertiary record, we have before us sev­
eral Recent shells of this species from various indefinitely-described localities in 
the Philipp ine Islands. These shells have been go in g  under the nam e « Arca 
antiquata Linnaeus », and it is likely that this nam e in Faustino’s list (47) refers 
to hankeyana  rather than lo the W est Indian species. Today l)ankeyana  seems 
to be restricted to the Indo-Pacific m arine m olluscan province.

Anadara (Anadara) ferruginea ( R e e v e ) ,  waloensis S c h e n c k  &  R e i n h a r t ,

new  subspecies.
PI. III. fig. 1; pi. V, fig. 5.

T y p e  m a t e r i a l .  —  Holotype (left valve); paratype (right valve); paratvpe 
(valves attached); and eight paratypes, P hil. Rur. Sei.

T y p e  l o c a l i t y .  —  On the bank of a small stream about one m ile due east 
of the village of W aloe, Province of Agusan, on the Island of Mindanao, P h i­
lippine Islands; probably late Pliocene or early Pleistocene. Graham Moody, 
collector; his locality N° 315. Geologic and geographic inform ation shown in 
figure 9 were generously made available by Dr. J. O. Nom land, Standard Oil 
Company of California.

D e s c r i p t i o n  a n d  c o m p a r i s o n s .  —  Although this subspecies is sim ilar in 
general appearance to typical ferruginea,  a topotype of which is here illustrated  
(pi. III, fig . 2), waloensis  differs in several respects. On e igh t well-preserved spe-

(47) F a u s t in o , M onograph 25, Phil. Bur. Sei.,  p . 19, 1928.
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cim ens of Ihe new  subspecies the num ber of flat-topped ribs varies from 19 lo 22, 
with 21 being the most com m on num ber. Typical ferruginea,  in contrast, 
carries 24 to 27 ribs, the original description by Reeve g iv in g  27. These ribs, 
furtherm ore, are more strongly noded and more h igh ly  elevated on the subspe­
cies than on ferruginea.  Like typical ferruginea,  I he new  subspecies is equi- 
valved, and both valves are sim ilarly sculptured.

AGUSAl PROVINCE

PROVINCEPAVAO

I 0  2  4  6  B IO KI LOMETERS

F ig . 9 . —  M a p  s h o w in g  ty p e  lo c a l i ty  o f  Anadara waloensis.
T ype locality  (315) of A nadara w aloensis; n e a r W aloe, A gusan P rov ince, P h ilipp ine  
Is lands. The vertical ru lin g  ind ica tes  the d is trib u tio n  of Vigo beds; the h o rizo n ta l ru lin g  
(as from  W aloe to Loreto), No. 4 on the m ap, re fe rs  to s tra ta  of la te  P liocene to early  
P leistocene age; these beds, as show n by the cross-in-circle sym bol, a re  ho rizon tal. 
Post-P liocene and  stream  deposits a re  ind ica ted  by coarse stipp ling . Geology by

G raham  Moody.

The new subspecies is closely related to <( Arca » ferruginea t imorensis  
Koperherg (Jaarb.-M ijnw. Ned.-Ost. Ind ., 1930, p. 17), a topotype of w hich is 
here figured on plate V, figure 4. This fossil (N° A - 9776, Geol. Inst. 
U niv. Amsterdam) from the Pleistocene between Ae Lomea and Atamboea,
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Dutch Tim or, is a shell 36.7 m m . lon g , but the posterior end is incom plete. 
The larger of the 25 ribs are sulcate, flat-topped, and measure 2 m m . in width; 
Ihe interspaces are only slightly  narrower. The sm aller ribs at the anterior and 
posterior extrem ities of the shell are not as pronouncedly sulcate. In sum m ary, 
although in size, shape, and general ornam entation, waloensis  and t imorensis  
are sim ilar, the former has fewer ribs.

The locality from which t imorensis  was described is loc. 3 (Koperberg, 
op. cit . ,  p. 155), also discussed hy Burck (1920, p. 51, map N° 1), who g ives, on 
p. 51, the fo llow ing (translated into E nglish  by H. A. Brouwer, letter dated 
September 24, 1936) ; « Between Atamboea and Ae Tali, near the crossing of 
the river Talaoe, well developed young Tertiary clays were found w ith m any  
fossils. On the return trip the expedition made a sm all collection of these 
fossils. »

R. E. Dickerson (48) figured a specim en identified as ferruginea  from the 
<i Vigo » group of Tayabas Province, Bondoc Peninsula (49). This specim en is 
sim ilar to waloensis  in having noded ribs, but the num ber of ribs of I lie Vigo 
specim en is greater. A comparison of D ickerson’s figure w ith our fig . 2, plate III, 
a topotype of ferruginea,  w ill dem onstrate the difference between the V igo and 
Recent species. The ribs of the Recent specim en are but slightly  noded, the 
interspaces are wide in comparison with the fossil, and a difference in outline is 
apparent, even allow ing for the poorer preservation of the fossil.

The sim ilarity of waloensis  to dautzenbergi  Lamy (Jour, de Conch.,  vol. 55, 
p. 32, pi. 3, figs. 9-11, 1907) is noticeable. The furrowed ribs of dautzenbergi  
w ill separate this New Caledonian species from  the Philipp ine fossil.

A related species is Anadara way landi  Cox (1927), described from  the 
« Lower Miocene » of Pemba Island, Africa, and compared to ferruginea  
(Reeve). The original description states that the ribs num ber about 21, a count 
w hich corresponds to the num ber on waloensis,  but the P hilipp ine shells are not 
as elongate as the African fossils; the ventral m argin is straighter and the 
um bones of waylandi  are less sharply pointed. In spite of these slight diffe­
rences, the sim ilarity between the fossils is so marked as to prove close relation­
ship. Future investigations may show the biogeographical sign ificance of this 
relationship.

D im e n s io n s .  —  The holotype of waloensis  m easures in m illim eters : length , 
36.9; height 26.6; convexity, 12.7. Paratvpe (right valve) : length , 38.2; height 
28.0; convexity, 12.5. Paratype (valves attached) : length , 17.8; height, 14.0; 
convexity, 10.6.

(48) In  S m it h , Geology and Mineral Resources of the Philipp ine  Islands, p i .  9 , f ig . 3,
1923.

(49) F o r  lo c a l i ty  d a ta  a n d  l i s t  o f  fo s s ils , c o n s u l t  D i c k e r s o n ,  Phil.  .lour. Sei.,  v o l.  18, 
N° 1, p. 7, 1921.
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S i g n i f i c a n c e .  —  Specim ens belon gin g  to the gens of ferruginea  are now  
allocated by professional concbologists to at least five biological subdivisions 
of the genus Anadara ; ferruginea  and dautzenbergi  (Recent); t imorensis  (P leist­
ocene); ivaloensis (Pliocene or P leistocene); and ivaylandi  (O ligocene or M iocene). 
The specim ens from the <( Vigo Group » of the Philippine Islands, once identi­
fied as ferruginea,  arc* held to be distinct from the typical species. Unless one 
objects to restricted species, the hypothesis that the rate of evolution is slower 
in tropic than in temperate waters is not supported by this gens of arcid pelecy- 
pods, since a species once considered to have a long tim e range is in reality 
com posed of several units of probably different biochrons.

MISCELLANEOUS TERTIARY SPECIES OF ANADARA, s. I.

SPECIES FROM EUROPE.

Anadara (Scapharca) turonica ( D u j a r d i n ) ,  1837.
PI. II, fig. 4; pi. VI. fig. 2.

1837. Arra turonica  D u j a r d i n ,  Mém. Soc. géol. France, t. 2, pt. 2, p. 267, pi. 18, fig. 16.
Miocene : Touraine, France.

1898. Arca turonica  Dujardin, S a c c o , I M oll, dei Ter. terziarii del Piem onte e della  
Liguria des. d. Dott. Federico Sacco, Pt. 26, p. 24.

1900. Arca Turonica  Dujardin, S c h a f f e r , Jahrb. d. k .  k .  Geol. R e i c h .  W ien, Bd. 49 
(1899), p . 146.

1906. Arca  (A nadara) turonica  Dujardin, D o l l f u s ,  A s s o c .  franç. pour l ’Avancem ent des 
Sei., C. R., Congrès de Lyon, p. 309. Upper M iocene : Beaulieu (Mayenne).

1914. Arca  (Anadara ) turoniensis  Dujardin, F a v r e ,  Cat. illustré de la Coli. Lamarck, 
Conch. d im yaires foss., M us. d ’Hist. nat. de Genève, 3e livraison, pi. 30, 
figs. 192, 193, 194, explanation of pi. 31 . V indobonian : Touraine.

1932. Arca  (Anadara) Turoniensis  (Dujardin), C h i e s a , Boli. Soc. Geol. Ital., vol. 51, 
fasc. 1, p . 174-177. Upper M iocene : Algeria.

T y p e  m a t e r i a l .  —  Holotype ; unknow n to the writers. H vpotypes N° 5963, 
Stanford U niv. Paleo, type Coll.; N° 1935, Schenck Coli.

T y p e  l o c a l i t y .  —  « Dépôts m arins supérieurs ou faluns », Miocene (lower 
H elvetian) of Touraine, France. A. Pevrot states (letter dated March 10, 1936) : 
« Le type de A. turoniensis  a été pris dans l’Helvétien infr. (Helvétien I de 
Mayei’, base du 2e étage m éditerranéen de Suess). »

M a t e r i a l  e x a m i n e d .  —  Three valves from the Miocene of Touraine, France 
(Mus. roy. Hist. nat. B elg ., coli. de M alzinne). Two valves from the Tortonian, 
M iocene, of Lapugy, Hungary (Schenck Coli. \ °  1506). Three valves from the 
Tortonian of Vösbau, Vienna Basin, Austria (Schenck Coli. N° 1507). Nine 
valves from Pontlevov, « Faluns de la Touraine », and therefore topotypes of
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turonica (Schenck Coli. N° 1897). Five valves from the Miocene of Touraine 
(Indre el Loire), France, nam ely : from Manthelan (Schenck Coli. N° 1935); 
from Sie. Catherine de Kerbois (Schenck Coli. N° 1934 and Stanford Univ. Paleo, 
lype coli. 5963): from  Ferrière l’Arcon (Schenck Coli. N° 1936); from Louans 
(Schenck Coli. N° 1937).

S u b g e n e r i c  a l l o c a t i o n .  —  Slightly discrepant sculpture o n  the two valves 
of this species indicates that it belongs to Scapharca,  a suggestion w hich is 
strongly borne out by its close relationship to aquitanica,  w hich is defin itely a 
Scapharca  (see p. 52). W e have not seen specim ens of turonica with the valves 
in the attached position.

V a r i e t i e s .  —  A num ber of varieties of turonica have been described, the 
validity of which we have not had an opportunity to check. These are the 
follow ing : precompressa, subalata,  and taurangulosa  Sacco (50); albanensis  
Dollfus (51); and gjaurtapensis  Grigorovic-Berezovskij (52), a nomen nudum.

4fl*  N

O I O 2 0  30  4 0  5 0  K M

F ig . 10. — Map show ing type locality of Anadara turonica.

S k e t c l i  m ap show ing  the type a rea  of A nadara  (Scapharca) turonica  ( D u j a r d i n ) , 
afte r « C arte géologique de la  F rance  » (1905).

The vertica l ru lin g  ind ica tes the genera l d is trib u tio n  of Miocene deposits.

C o m p a r i s o n s .  —  The relationship between this species and speyeri  is brought 
out by our illustrations.

The sim ilarity between Anadara turonica and aquitanica  has been for years 
the cause of difficulty in separating these two species. A. aquitanica  is somc-

(5#) S a cco , supra cit., p . 24-25.
(51) D o l l f u s , Jour. Conchy. Paris, vol. 70, 1926, p. 112. Pliocene of A lbania.
(52) G r ig o r o v ic -B e r e z o v s k ij , Trav. Mus. Géol. Leningrad, v o l .  I, p . 64, 1927. 

Tchokrak Stage, Upper Tertiary of Daghestan.



52 H. G. SCHENCK \N D  P. W. REINHART

tim es listed as a variety or « m utant » o f turonica. The fo llow ing observations 
give our basis for separation. The profile of aquitanica  is variable, hut there is 
a suggestion that turonica  is proportionally longer than aquitanica,  on som e 
specim ens of w hich the height equals two-thirds of the len gth . Furtherm ore, 
the ventral m argin of turonica is com m only straighter than that of aquitanica.  
The most reliable m eans of d istinction , however, is the arrangem ent 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 ligam enta! area, w h ile the poste­
rior groove lies some distance w ithin this outer boundary. In aquitanica,  the 
ligam enta! area is not delim ited by a groove either anteriorly or posteriorly. 
Aside from these differences, the two species are sim ilar in appearance and carry 
the same num ber of ribs (32 on most specim ens).

Anadara turonica lias also been confused with diluvi i  (Lamarck). For 
exam ple, the specim en of diluvii  shown in fig. 5, Plate II, from the Tortonian 
(Miocene) of Saubrigues (Landes), France, is am ong those w hich have been 
m isidentified as turonica.  As A. Peyrot has said (53), turonica  has a m ore dis­
tinctly trapezoidal shape, and is further distinguished by differences in the liga- 
m ental area, as shown by a comparison of figures 2 and 6, plate VI. In diluvii  
the posterior ligam enta! groove (instead of the anterior groove, as in turonica) 
forms (lie outer boundary of the ligam ental area, w h ile the anterior part of this 
area is not bounded by a groove.

D i s t r i b u t i o n .  —  This species is reported from the Miocene of France, 
Spain, Italy, Austria, H ungary, Portugal. Corsica, and elsewhere in southern  
Europe.

Anadara (Scapharca) aquitanica ( M a y e r ) ,  1861.
PI. II, ftgs 2, 7; pi. VI, fig. 1.

1861. Arca aquitanica  M a y e r , Jour. Conch., 3 s é r . ,  t .  1, vol. IX, p .  362-363. A quitanian : 
Saint-A vit, France.

1923. Arca aquitanica  A s t r e , B ull. Soc. Hist. nat. Toulouse, vol. 51, p. 466-471.

T y p e  m a t e r i a l .  —  Holotype, unknow n to the writers. H ypotypes here 
illustrated : N°‘ 5953, 5961, 5964, 5965, Stanford U niv. Paleo, type coli.

T y p e  l o c a l i t y .  •—  Tertiary (Aquitanian) of Saint-Avit (“ ), near Mont-de- 
Marsan (Landes), France. Notes on the geology of this area have been pu b li­
shed by Degrange-Touzin (1912).

(•"'3) In a letter to H. G. Schenck, dated January 29, 1936.
(54) By typographical error called « Saint-Toit » by Mayer. W e are indebted to 

Dr. Louis Castex for calling our attention to this cri or.
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Fig. 11. — Map show ing type locality of Anadara aquitanica.
Type locality  (St. Avit) of A nadara  (Scapharca ) aquitan ica  ( M a y e r ) ,  the  occurrence of
specim ens a t the M oulin de G am achot, and  a sum m ary  of the R upelian-B urd igalian  

s tra tig rap h ie  succession in  the A quitaine basin , sou thern  F rance.

Dr. Louis Castex (letter dated March 8, 1937) inform s us that the figure by 
D ollfus {Ball. Soc. yeoi.  France,  4 ser., t. 12, p. 486, 1912) is not accurate as the 
m ill is now  in ruins. Since the m ill’s appearance will change from  year to 
year, we reproduce the original figure instead of a new draw ing, such as 
Dr. Castex so carefully prepared for us. Dr. Castex also pointed out that the 
« Zone of Anadara aquitanica  » extends from the lower part of the exposed 
section up to and includ ing the beds with corals. Relow the gray fossiliferous 
sandstone is a hard sandstone, also assigned to the Aquitanian.

The colum n shown in the lower left of our figure 11 gives in sum m ary form  
the essential facts of stratigraphie succession in the Aquitaine basin, insofar as 
the Aquitanian Stage is concerned. The colum n shown in the upper right of 
figure 11 represents only a part of the Aquitanian Stage.

O r i g i n a l  d e s c r i p t i o n .  -— « Coquille oblongue, transverse, trapézoïdale, uii 
peu inéquilatérale, m édiocrem ent enflée, couverte d’environ 30 cotes étroites et 
déprim ées, séparées par des sillons étroits, légèrem ent crénelées du côté anté­
rieur, lisses du côté opposé. Côté antérieur le plus court, assez large et souvent 
presque droit, postérieur tronqué obliquem ent, palléal presque droit. Crochets 
assez élevés, peu obliques. Aire cardinale peu allongée. Charnière légèrem ent 
arquée. Long. 25. lat. 19 m m . »
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M a t e r i a l  e x a m i n e d .  —  W e have haii for study 183 separate valves and three 
specim ens with valves attached from  the lower Aquitanian of Moulin de Cam a­
choi, near Villaudraut, southern France (Schenck Coli. N08 79 and 911; and Stan­
ford Univ. Paleo, type Coli. N°‘ 5953, 5961, 5964, and 5965); six valves from the 
upper Aquitanian Stage of Moulin de Fortii', Aquitaine basin (Schenck Coli. 
N° 460); six valves (topotypes) from Saint-Avit (Landes), France (Schenck Coli. 
N° 1898), and 4 valves from the Aquitanian of Mevnot, Dax (Landes), France 
(Schenck Coli. 2086¡.

N o t e s  o n  m a t e r i a l  e x a m i n e d .  —  The specim ens figured here on plate II, 
figs. 2 a and b, plate II, fig. 7, and plate VI, fig . 1, are from the lower Aquitanian  
Stage of Moulin de Gamachot (fig. 11) near Villandraut, southeast of Bordeaux, 
France, collected by F. D aguin, L. Castex, and 11. G. Schenck in 1934 Í55). The 
dim ensions of these specim ens are given in Table XII.

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

TYPE N». Valve. Length in mm. Height in mm. Convexity 
in mm.

Number 
of ribs.

5953 ........................... lU ght 32.6 23.9 11.9 29
5961 ........................... B oth 20.7 16.8 14.3 31
5964 ........................... L eft 30 5 23.5 11.2 30
5965 ........................... R ig h t 32.1 25.7 12.8 31

Specim ens of aquitanica  from the Moulin de Gamachot, ranging in length  
from 10 to 35 m illim eters, have from 30 lo 35 radial ribs, the statistical recon­
naissance suggesting  that 32 ribs is the most frequently recurring num ber. 
Rarely does a specim en bear fewer than 29 ribs. Sm all valves (e . </., 8 m m . in 
length) have 28 to 30 ribs and show clearly an um bonal depression, a feature 
visible but not conspicuous on adult shells. The num erous specim ens of aqui­
tanica show that the profile is variable.

The h inge and ligam ental area of a specim en of aquitanica are shown on 
plate VI, fig. 1. The question of how m uch reliance is to be placed upon the 
num ber of « chevrons » in the ligam ental area in separating species would have 
to be answered by a biometrical survey. It may be of som e sign ificance, how ­
ever, to record Ihi* fact that in the case of aquitanica the greatest num ber, not 
counting the grooves delim iting  the area, seems to be six, three to four being  
the more com m on num ber. Such a criterion would aid in separating aquita­
nica from fichteli  and o.sinonti,  for exam ple.

(“ ) For locality, consult map, Plate B, Actes de la Société Linnéenne de B ordeaux , 
t .  LXIII; for species see t . LXVIII, pi. 8, f ig s .  12-16. Consult also D o l l f u s ,  Bull.  Geo/. 
Soc. France , 4e sér., t. XII, p. 486, 1912.
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S u b g e n e r i c  a l l o c a t i o n .  —  The num erous specim ens at our disposal prove 
that this species belongs to the subgenus Scapharca.  The specim ens w ith the 
valves in the attached posilion show clearly that the left valves are larger than 
the right (see Plate II, fig . 7). Moreover, the sculpture of the Iwo valves of 
single individuals is slightly  discrepant.

C o m p a r i s o n s .  —  For com parisons, see the discussion of Anadara turonica,  
on page 51.

ANADARA, sensu la to , FROM INDIA.

Anadara (Scapharca ?) oldhamiana ( N o e t l i n g ) ,  1901.

1840. Arca radiata  J. de C. S o w e r b y ,  Trans. Geol. Soc. London, ser. 2, vol. 5, explana­
tion of plate 25, fig. 12. « Tertiary form ations of Cutch » : Soom row , India.

1901. Arca  (Anom alocardia ) oldhamiana  N o e t l i n g ,  Pai. Indica, n. s ., vol. 1, p. 143, pi. 6, 
figs. 3a-b\ zone of Pholas orientalis , M iocene : Thayetm yo, Burma.

1928. Arca radiata  J. de C. Sow erby, V r e d e n b u r g ,  Mem. Geol. Surv. India, vol. 50, 
part 2, p. 414. Upper Gaj (Miocene) : Sind and Kachh.

N o t  Arca radiata  J. S. S c h r o e t e r ,  Archiv. Zool., vol. III (1), 1802, p. 130-131.
N o t  Arca radiata  F is c h e r , M u s . D em id., III, 1807, p . 267 (not seen).

N o t  Arca radiata  M ü n s t e r  in G . A . G o l d f u s s , P e t r e f .  G e r m a n . ,  II (6), 1837, p .  143.

N o t  Arca radiata  R e e v e , Conch. Icon., II, Arca, N ° 40, February 1844. ( =  A rea radians
Deshayes, Traité élém . Conch., p. 350, 1839-1857. N ew  nam e for .4. radiata
Reeve.)

Arca radiata Sowerby, several tim es an absolute hom onym , and oldhamiana  
Noetling, from the Burmese Miocene, arc claim ed hv Vredenburg to be conspe- 
cific. If he is correct, the latter nam e should be applied lo the species. The 
fo llow ing inform ation is supplied to us by L. R. Cox (56) :

« The type of A. radiata is in our collection here (Geol. Soc. Coli. reg. 
N° 10021) and is a som ewhat eroded cast. It cam e from  Soom row (Cutch) and 
unfortunately we have no topotypes. I have looked at the specim ens from Sind 
w hich were sent to you on loan previously as A. radiata, but their preservation  
and that of the type is so poor thai I am very uncertain of their specific identity, 
and I think that it would be unsafe to base your conception of the species on 
Ihem. They probably belong to A. hybr ida  d ’Archiac and Haime non  Sowerby, 
which Vredenburg says is identical with 1. radiata, hut have fewer ribs than its 
(.4. radiata s) holotype and are more inflated. »

(S6) L e t t e r  d a te d  D e c e m b e r  28 , 1935.
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ANADARA, sensu lato, FROM THE TROPICAL AMERICAS.

Anadara (Scapharca ?) meroensis ( O l s s o n ) ,  1931.
PI. II, fig. 8.

1931. Arca (Scapharca) maroensis  O l s s o n , B ull. Am er. Pilleo., vol. 17, N° (53, p. 135-130,
p i .  2 , f i g s .  2, 3 , 5 , 6 .  Heath form ation : Peru and Ecuador.

T y p e  m a t e r i a l .  —  Pai. Ros. Inst., Holotype N° 1942; paratypes 1938, 1939,
1941. Hvpotype V  5962, Stanford U niv. Paleo, type coli.

T y p e  l o c a l i t y .  —  Heath form ation (base of Heath shales, « upper O ligo­
cène »), Cálelo Mero, Peru. Text figure 12 shows the type area of the species.

F ig . 12. —  M a p  s h o w in g  ty p e  lo c a l i ty  o í Anadara maroensis.
Map show ing  type a rea  of Anadara  (Scapharca ?) m eroensis  (O l sso n ).
The succession show n is  (lowest) M ancora fo rm ation , H eath  fo rm ation  
anti (upperm ost) Z orritos fo rm ation . Map p repared  by and  published 
th rough  tiie courtesy  of the G eological D epartm ent of the In te rn a tio n a l 

P etro leum  C om pany.

N o t e s  o n  m a t e r i a l  e x a m i n e d .  —  Through the courtesy of A. A. Olsson, we 
have exam ined eight specim ens of this species from Posorja, Ecuador, and 
eleven fairly well preserved specim ens from the type locality, Caleto Mero, Peru. 
Several of the better preserved individuals show a distinct um bonal sulcus. 
The ribs, ranging in num ber from 28 to 33, show longitudinal grooves, and, 
on some of the left valves, distinct nodes in the um bonal region. Preservation  
is too poor to show w hether or not nodes are also present on the right valve. 
The shell appears lo be equivalved, although Ibis surm ise is based on crushed  
material.

S u b g e n e r i c  a l l o c a t i o n .  —  This species probably is a Scapharca,  but the 
specim ens are not well enough preserved to allow  us to assign it to that sub­
genus except questionably.
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C o m p a r i s o n s .  —  This South American so-called upper O ligocene species 
lias a striking resem blance to Anadara  (Scapharca ?) daneyi  (Cossmann and 
Pevrot), described from Ihe lower Burdigalian (lower Miocene) of the Aquitaine 
Basin, southern France. These two species are so sim ilar in profile and orna­
m entation that it would be interesting to know how m any other species, if any, 
from the Heath shale are likew ise related to those from the Burdigalian.

The sim ilarity between meroensis  and mediaimpressa  from California, 
although considerable, is less striking. The two species differ in profile, and 
m oreover the um bonal depression is more pronounced in the Californian species.

Anadara (Scapharca ?) willobiana ( C o o k e ) ,  1919.

1919. Scapharca w illobiana  C o o k e ,  Carnegie Institute Pub., N° 291, p. 127, pi. 5, 
figs. 11 a-b. Oligocene : A ntigua, W est Indies.

T y p e  m a t e r i a l .  —  Holotype, U. S. Nat. Mus. Catalogue N° 167040. Plasto- 
type, Schenck C oll., N° 927.

T y p e  l o c a l i t y .  —  O ligocene of Antigua Island, W est Indies.
Judging from plaster casts, the holotype is a fairly well preserved speci­

m en having both valves joined. The sculpture on the two valves seem s to be 
slightly  discrepant. Moreover, wil lobiana  is som ewhat thinner in form than 
typical Anadara , being a sm all, compressed species. W hether it is equivalve  
or not cannot be determ ined defin itely from the casts.

Anadara (Cunearca) eamaronesia ( v o n  I h e r i n g ) ,  1907.
1907. Arca eamaronesia v o n  I h e r in g ,  An. Mus. d e  Buenos Aires, ser. 3 , vol. 7, p .  238-239, 

text figs. 9a-b. Lower Patagonian : Patagonia.

T y p e  m a t e r i a l .  —  Musen Paulista, Universidade de Sao Paulo, Brazil.

T y p e  l o c a l i t y .  —  Camarones, Patagonia. Von Ihering called Ihe form a­
tion yield ing  this species Eocene. There is, however, considerable doubt as to 
the age of the lower Patagonian, and inasm uch as Reinhart’s (5T) study lias 
shown that Cunearca is unknow n in beds of undoubted Eocene age, il may well 
be that the Lower Patagonian is O ligocene or younger.

O r i g i n a l  d e s c r i p t i o n .  —  The original description of Ibis species was based 
upon <( nom breuses valves, toutes de petite taille » and the figured specim ens 
(specim en ?) m easured 9.5 m m . in length; height, 8 .0  m m ., and convexity, 
5 m m .; num ber of radial ribs, 23-24.

(57) R e i n h a r t ,  Mus. roy. Hist. nat. Belg.,  t. 11, N° 13, p. 45, 1935.
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M a t e r i a l  e x a m i n e d .  — Cotype N° 6913, M use« Paulista. This specim en  
was placed at our disposal by F. Lange de M on d es, lo whom  we express our 
thanks.

D e s c r i p t i o n  o f  c o t y p e  N° 6913. —  Shell (left valve) sm all, probably im m a­
ture; elongate-oval in profile, inflated; um bo prom inent, beak prosogyrate, 
indented w ith  sharp m edial sulcus w h ich  extends only a short distance ven- 
trally; sculpture of 23 rounded radial ribs, strongly noded except on posterior 
slope; nodes observed only near ventral and anterior m argins; ribs on central 
and um bonal regions badly worn; interspaces concave, about same width as ribs; 
concentric grow th lines cross interspaces and ribs; ligam ental area flat and wide  
in front, tapering posteriorly; area with longitudinal growth lines and part of 
one ligam ental groove, just behind beak, poorly preserved; posterior half of  
ligam ental area strongly indented from rest of shell, separated from  it by a 
sharp, overhanging <( cliff » w ith groove at base; no « cliff » bounds anterior 
half of ligam ent; h inge slightly  arched, bearing 26 teeth which converge ven- 
trally; pallia! line distinct; inner m argin of shell with deep crenulations, a few 
posterior ones extend ing upward toward umbo, inside of palliai line; adductor 
m uscle scars distinct, Ihe posterior one considerably the larger.

D im e n s io n s  ( in  m m .) o f  c o t y p e  N° 6913. —  Length, 7.6; height, 6.3; con ­
vexity (left valve), 3 .0 .

C o m p a r i s o n s .  —  Von Ihering compared this species w ith Anadara  (Cunearca ) 

chemnitz i  (P hilippi). A com parison of camaronesia  with Anadara (Cunearca)  
incongrua  (Say), the genotype of Cunearca,  shows a strong general sim ilarity, 
although the ligam ental area is set off both anteriorly and posteriorly by a 
sharp « c liff » in incongrua,  but only posteriorly in camaronesia.

S u b g e n e r i c  a l l o c a t i o n .  —  Because of its resem blance to the genotype of 
Cunearca,  we feei that camaronesia is to be referred to Cunearca,  despite the fact 
that we have exam ined only one valve of a sm all, probably im m ature indi­
vidual.

ANADARA, sensu lato, PROM SOUTHEASTERN UNITED STATES.

Anadara (Scapharca) invidiosa ( C a s e y ) ,  1903.
PI. I, fig. 2.

1903. Arca invidiosa  C a s e y , Acad. Nat. Sei. Philadelphia, Proc. for 1903, p. 264 ( n o t  
figured).

1903. Arca delicatula  Ca s e y , op. cit., p . 265 (no t  f ig u re d ) .

1917. Arca invidiosa  Casey, S h e l d o n , Palaeont. A m er., vol. 1, N °  1, p .  31. Original 
description reprinted; referred to subgenus Scapharca.
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1917. Arca delicatula  Casey, S h e l d o n , op. cit., vol. 1, N" 1, p .  32, Ithaca, N ew  York.
Original description reprinted; referred to subgenus Scapharca.

1936. Anadara  (A nadara) delicatula  (Casey), S c h en c k  and R e in h a r t , Geol. Soc. A m ., Proc. 
for 1935 (June 1936), p. 412.

T y p e  m a t e r i a l .  —  Proterotvpes unknown to the writers. Topotvpes (of 
invidiosa),  Cat. V  2633, U. S. Nat. Mus.; topotvpes (of delicatula),  Cat. N° 13287, 
U. S. Nat. Mus. and N° 10320, Univ. Calif. Mus. Invert. Paleo.

T y p e  l o c a l i t y .  —  (of invidiosa),  Red Bluff form ation, lower O ligocene, 
M ississippi; (of delicatula) , <c Lower Vicksburgian lim estone », lower O ligocene, 
M ississippi.

Cooke (58) presents a correlation of the Red Bluff clay of M ississippi with  
lile Mariana lim estone of Alabama. This lim estone, characterized by the pre­
sence of Lepidocyclina mantel li  (Morton), has been correlated (**) with the 
Sannoisian of western Europe. Notes on the Vicksburg Group were published  
recently 1>\ Howe (1933) and M ornhinveg and Garrett (1935).

D e s c r i p t i o n  o f  t o p o t y p e s  o f  i n v i d i o s a .  —  The follow ing notes are based 
upon two detached, well-preserved valves, one left, one right (not from same 
individual), Cat. N“ 2633, U. S. Nat. Mus. These shells are from Carson’s Creek, 
W ayne C°, M ississippi, Red Bluff form ation.

Shell elongate, w ith rather prom inent m edial sulcus extend ing from beak to 
anterior third of ventral m argin; ribs 28 in num ber; on left valve : the six ribs 
w ithin  m edial sulcus area fairly thin; the five ribs just anterior to and the two 
ribs just posterior to this sulcus dichotom ize, the d ichotom izing apparently 
having started w hen shell was 2 /3  its present size; anterior and posterior ribs 
plain and rounded, m uch wider than interspaces; ribs w ithin sulcus area only  
ca. 1 /3  as wide as interspaces; on right  valve  : about 6 ribs w ithin sulcus area, 
w ith interspaces 3 to 4 tim es as wide as ribs; just anterior to sulcus, 4 ribs are 
dichotom ous, the d ichotom izing starting when shell was ca. 3 /4  its present size; 
posterior to sulcus, ribs do not dichotom ize, are wider than interspaces, rounded 
and plain; on left valve, a distinct trace of beading, which is not present on 
right; teeth of right valve num erous, sm all, granular; anterior 9 teeth larger 
than granular m edial ones; slightly  converging; the posterior 9 or 10 teeth lik e­
wise larger than m edial ones, and converging ventrally; ligam ental area narrow, 
nearly flat; num erous wavy ligam ental grooves, especially on larger left valve; 
beaks slightly  prosogyrate; palliai line and m uscle scars indistinct; interior of 
shell furrowed in  harmony with external ribbing; inner m argin of shell crenu- 
lated; apparently no bvssal gape.

(58) C o o k e ,  Bull. A m . Assoc. Pet. Geol., vol. 19, N° 18, p. 1171, 1935.
(58) V a u g h a n , Bull. Geol. Soc. A m .,  vol. 35, Table 3, 1934.



60 H. G. SCHENCK AND P. W. REINHART

Dim ensions of U. S. Nat. Mus. specim ens Cat. N° 2633 are given  in 
Table XIII.

N o t e s  o n  U. S. N a t i o n a l  M u s e u m  t o p o t y p e s  o f  d e l i c a t u l a .  —  Cat. 
N° 13287 : two detached valves, one right, one left (not from the same ind iv i­
dual); preservation good; locality, « Lower bed, Vicksburg, Miss. » (This is the 
type locality of delicatula).  These specim ens may he described as follows :

Same shape and proportions as invidiosa , but sm aller; elongate beaks 
located anterior to center; prom inent m edial sulcus extends from lip of beak to 
ventral m argin, striking Ibis m argin anterior to center of shell; ribs 25 to 27 in 
num ber; on left valve : all ribs defin itely beaded except those on posterior 
slope, w h ich  are plain; no d ichotom izing in any ribs; about 4 ribs in m edial 
sulcus area are narrower than interspaces; anterior ribs about as wide as inter­
spaces, posterior ribs wider; on right  valve : no trace of beading or d ichotom i­
zing : about 6 ribs in region of sulcus very fine, but anterior and posterior ribs 
about as wide as interspaces; posterior ribs (on posterior slope) wider than inter­
spaces; anterior series of teeth only one-half as long as posterior series; all teeth 
sm all; granular at and near center of h in ge; anterior teeth som ewhat conver­
g ing; posterior teeth strongly converging ventrally (ca. 45°); ligam ental area 
very narrow, nearly flat, bearing faint longitudinal grow th lines; beaks proso- 
gvrate; palliai line and m uscle scars indistinct; interior of shell : right valve 
faintly grooved internally in harm ony with external ribbing; left valve distinctly  
grooved internally, these grooves jo in ing  the crenulations at shell m argin  
w ithout interruption; shell m aterial of both valves thin.

D im ensions of U. S. N. M. specim ens, Cat. N° 13287, are given in Table XIII.

N o t e s  o n  U n i v e r s i t y  o f  C a l i f o r n i a  t o p o t y p e s  o f  d e l i c a t u l a .  —  Seven 
fairly well preserved valves of this species are available to us (University of Cali­
fornia topotypes A. 1050/10320, collected by F. E. Turner). One of these speci­
m ens is shown in figs. 2 a-c, plate I. The num ber of ribs varies from 24 to 
about 30, as shown in the fo llow ing Table XIII.

TABLE XIII. — Dimensions of Anadara invidiosa.

SPECIMEN. Length 
in mm.

Height 
in mm.

Convexity 
in mm.

Right 
or left 
valve.

Number 
of radial 

ribs.

R atio  of 
height to 
length in 
percent.

U. S. Nat. Mas. Cat. 9.7 5.2 2.5 Right 28 51.5
No. 2633 (topotypes of 
invid iosa).

10.7 7.1 3.0 L eft 28 66.4

U. S. Nat. Mus. Cat. 6.4 3.4 1.4 Right 27 53.1
No. 13287 (topotypes of 
delicatula).

7.5 3.7 1.4 L eft 25 49.3
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TABLE XIII. — Dimensions of Anadara invidiosa (co n tinued ).

SPECIMEN. Length 
in  mm.

Height 
in mm.

Convexity 
in mm.

Right 
or left 
valve.

Number 
of radia l 

ribs.

Ratio of 
height to 
length in 
percent.

Univ. Calif. M us. In v e rt. 3.7 2.0 0.9 L eft 27 54.1
Paleo. No. A. 1050/10320 4.2 2.3 1.0 R ig h t 30 ± 54.8
(topotypes of delicatula). 5+  (*) 2.5 1.0 R ight 28 50.0

5.2 3.0 1.2 R ig h t 25 57.7
5.6 3.0 1.2 R ig h t 25 53.6
6.2 3.2 1.4 L eft 28 43.8
7 (*) 24

(*) R efers to broken specimen.«

R e a s o n s  f o r  s y n o n y iM iz in g  i n v i d i o s a  a n d  d e l i c a t u l a .  —  These nam es were 
applied to specim ens of different size, invidiosa  being the larger. The^smaller 
forms (delicatula) lack the dichotom ous ribs present on the anterior half of the 
larger form s (invidiosa). However, the ribs of invidiosa  do not begin to d icho­
tomize until the shell attains a size greater than that of the topotypes of delica­
tula. The crow ding of the concentric grow th rings at the ventral m argin of 
the specim ens of invidiosa  suggests m aturity, whereas the specim ens of delica­
tula seem to he the shells of im m ature anim als. Because invidiosa and del i­
catula are so sim ilar in all other respects, it is reasonable to consider them  con- 
specific, and to adopt the nam e having page preference.

C o m p a r i s o n .  —  The above-m entioned resem blance of this species to « Dilu­
varca  » mikkula  Gardner (U. S. Geol. Survey Prof. Paper 142A, 1926, p. 29, 
pi. 5, figs. 8, 9), from Ihe Chipóla form ation, « lower Miocene », of Florida, 
is a striking one. « Diluvarca  » m ikku la  differs from delicatula  by having a 
shallower m edial sulcus and fewer ribs [23]; mikkula  is described as slightly  
inequivalved and therefore likew ise probably belongs to Scapharca.

S y s t e m a t i c  p o s i t i o n  o f  i n v i d i o s a .  —  Our reason for p lacing invidiosa  (and 
its synonym , delicatula) in Scapharca  is the discrepancy of sculpture of the left 
and right valves. The obliquity of the teeth, such as shown in figure 2b, plate I 
(of a topotvpe of delicatula),  seem s to mark, as it does in sulcicosta Nvst and 
other species, m erely an im m ature stage. For exam ple, we have before us a 
large series of specim ens of sulcicosta from  very small ones (fig . 1, pi. II) to the 
larger adults, and it is evident from a study of this series that the teeth of the 
very sm all shells are oblique and becom e progressively less oblique as the shell 
approaches m aturity. F inally, although we have not had a specim en of inv i­
diosa w ith the valves in the attached position and hence cannot determ ine 
whether the species is inequivalve, nevertheless we assign it to Scapharca  not
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only because of the discrepant sculpture, m entioned above, but also because of 
Ihe marked resem blance of this species to Anadara  (Scapharca) mikkula  
(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 assignm ent by various authors 
of several Eocene arcid species to Anadara  m ust be considered here. The fo ll­
ow in g  is a catalogue o f these species, show ing  what we believe to be their correct 
disposition.

Argina granulosa ( D e s r a y e s ) ,  1 8 2 4 .

1824. Arca granulosa  D e s h a y e s ,  Description des Coquilles des environs de Paris, t. 1, 
p. 208-209, pi. XXXII, fig. 17, 18. Ëocène : Parnés, Château-Rouge, U lly-Saint- 
George, Prance.

1904-1906. Arca  (A nadara ) granulosa  D esh., C ossm ann  and P i s s a r r o , Icon. Com. des 
Coquilles fos. de l ’Ëocène des environs de Paris, t. 1, pi. 36, figs. 110-45, 
Lutetian : Paris Basin.

Reinhart has pointed ont (1935, p. 4 1 )  that this species is an Argina.  The 
ligam ent is narrow and confined to the posterior of the beaks; the anterior series 
of teeth is short and irregular; the posterior series is long. The type locality of 
the species is Parnés, but L. Morellet (written com m unication , Decem ber 12, 
1936) states that he has never found specim ens there.

Scapularca scapulina (L a m a r c k ) ,  1 8 0 5 .

1805. Arca scapulina  L a m a r c k , A n n .  M u s . H is t .  N a t.  P a r i s ,  v o l.  6 , p .  221, J u n e  1805.
Lutetian (Eocene) : Grignon, France.

1904-1906. Arca (A nadara ) scapulina  Lamarck, C ossm ann  and P i s s a r r o , Icon. Com. Coq. 
foss. de l ’Éocène des environs de Paris, t. 1, p i. 36, figs. 110-48. Lutetian : 
Paris Basin.

1935. Arcopsis  (Scapularca) scapulina.  R e in h a r t , B ull. Mus. roy. Hist. nat. Belg., t. XI,
N° 13, p. 32-33, Aug. 1935.

1936. Trigonodesma {Scapularca) scapulina  Lamarck, G l ib e r t , M ém. Mus. roy. Hist. nat.
Belg., N° 78, p. 27-28, fig. 15, Nov. 30, 1936. W em m el sands (Upper Eocene) : 
Belgium . Lutetian, Auversian, and Bartonian : France.

M a t e r i a l  e x a m i n e d . —  Topotypes, Nos 1930 and 2265, Schenck C oll., from  
the Lutetian (Eocene) of G rignon, France.

D i s c u s s i o n . —  The specim ens show the strong sym m etry of the h inge, as is 
well brought out by Glibert’s (1936) illustrations. The striations shown in bis
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figure are, we believe, due to preservation and are not to be interpreted as a 
transversely striated ligam ental area, such as occurs in Striarca.

This species, the genotype of Scapularca  Cossmann and Peyrot, is w ide­
spread in the Lutetian deposits. L. Morellet (written com m unication, Dec. 12, 
1936) states that Bartonian specim ens are rare, though often occurring as 
reworked m aterial.

Scapularca globulosa ( D e s r a y e s ) ,  1824.

1824. Arca globulosa  D e s h a y e s , Description des Coquilles des environs de Paris, t. 1, 
p. 209-210, pi. XXXIII, figs. 4-6. Éocène : « Guise-Lamothe près Com piègne », 
France.

1904-1906. Arca  (A nadara) globulosa  D esh., C ossm ann  and P is s a r r o , Icon. Com. des 
Coquilles fos. de l ’Ëocène des environs de Paris, t. 1, p i. 36, figs. 110-46. 
Lutetian, Bartonian : Paris Basin.

1933. Trigonodesrna {Scopularca) globulosa  Deshayes, G l ib e r t , Mém. 53, Mus. r o y .  Hist, 
nat. Belg., p. 123, fig. 18, 1933. B ruxellian : Belgium .

M a t e r i a l  e x a m i n e d . —  N° 862 and 1931, Schenck C oll., from the Cuisian 
of Liancourt, and Cuise, France.

• D i s c u s s i o n . —  The topotypes from  the Cuisian are closely related to A. sco­
pu l in a , the genotype of Scapularca.  Morellet inform s us that globulosa  occurs 
in Ihe Lutetian, as w ell as the Cnisian, and questionably in the Bartonian. The 
Sparnacian occurrence reported by Cossm ann seem s to be in doubt.

A lthough in h inge and ligam ental area Scapularca  resem bles Trigonodesrna 
fu lly  as m uch as Arcopsis,  Scapularca  does not possess opisthogyrate beaks nor 
a sharp posterior carina —  features w hich  d istinguish  Trigonodesrna.

Scapularca globulosa v a r .  interposita ( D e s h a y e s ) ,  1860.

1860. Arca interposita  D e s h a y e s , Description des anim aux sans vertèbres découverts dans 
le bassin de Paris, t. 1, p. 892, pi. LXVII, figs. 11-13 {fide G l ib e r t , Mém. 53, Mus. 
ro y .  Hist. nat. Belg., p. 123, 1933).

1904-1906. Arca {Anadara) globulosa  var. interposita  D esh., C ossm an n  and P i s s a r r o , Icon. 
Com. des Coquilles de l ’Ëocène des environs de Paris, t. 1, pi. 36, figs. 110-46'. 
Cuisian : Hérouval, Paris Basin.

L. Morellet (written com m unication, Dec. 12, 1936) states that this variety 
is known only from its type locality, Héronval. Glibert (1933) considers inter­
posita a synonym  of globulosa.
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Scapularca miliacea ( C o s s m a n n ) ,  1887.
1887. Anadara miliacea  C o s s m a n n ,  S o c . roy. M alacologique de Belgique, M ém ., Ann. Soc. 

roy. Mal. Belg., t. 22 (4" sér., t. II), année 1887, p. 137-138, pi. VI, figs. 19-21. 
Éocène : Parnés, France.

1904-1906. Arca  (Anadara) miliacea  Coss., C o s s m a n n  and P i s s a r r o ,  Icon. Com. des 
Coquilles fos. de l ’Ëocène des environs de Paris, t. 1, p i. 36, figs. 110-47. 
Lutetian : Paris Basin.

The figures of Cossmann and Pissarro show that this species is not an 
Anadara.  These figures seem to he copies of the protographs.

Noetia molengraaffi ( M a r t i n ) ,  1914.

1914. Arca  (A nadara ) m olengraaffi  M a r t in , Sam m l. Geol. Reichs M us. Leiden, N. F ., 
Bd. 2, Heft 4, p. 184, pi. 7, figs. 191-192. Eocene : Java.

1930. Noetia m olengraaffi  (Martin), S t e w a r t , Acad. Nat. Sei. Philadelphia, Special Pub., 
N ° 3, p .  81, 1930.

An exam ination of specim ens from  the Eocene of N anggulan, Java, verifies 
Stewart’s allocation of this species to Noetia.

Noetia nigeriensis ( N e w t o n ) ,  1922.

1922. Anadara nigeriensis  N e w t o n , Geol. Survey Nigeria, B ull. N° 2, p .  70-71, p i .  8 , 
figs. 4-7. Eocene : Nigeria.

M a t e r i a l  e x a m i n e d . —  A. C .  Brighton loaned u s  four valves of this species 
from the « Upper Lutetian » Eocene of Am eki, Omahialla District, Nigeria, 
Nos C5169, C5170, C5171, and C5172, Sedgwick Museum. L. R. Cox donated 
two valves (Schenck C oll., N° 2216).

G e n e r i c  a l l o c a t i o n . —  Exam ination of these specim ens leads us lo assign  
lliis species to Noetia as was done tentatively hv Stewart (1930, p. 81) and more 
recently by A. M. Davies (1935, p. 172), who expressed the belief that il appears 
to be the ancestral species of Noetia.

This species resem bles Noetia in the fo llow ing respects : the beaks are 
opisthogvrate, although only slightly  so: the ligam ent is transversely striated 
and is situated m ainly anterior to the beaks; the shell is h igh  and inflated, and 
possesses a distinct angulation extend ing from the beak to Ihe posterior ventral 
m argin. Noetia nigeriensis,  unlike typical Noetia, does not possess a distinct 
flange bordering the posterior adductor m uscle scar, except on one specim en  
(C5172), on w hich a small flange is present.
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SPECIES OF DOUBTFUL SYSTEMATIC POSITION.

Sacco (on) assigned to Anadara  the species « Arca » peethensis , eogassinen-  
sis, and interposita,  and stated that they are Eocene. As for « Arca » peethensis  
d’Archiac, Noetling (61) reports it from the Miocene of Rurma; and Vreden­
burg (62) lists it from the Upper Gaj of « Kachh and Sind ». W e have seen 
British Museum specim ens N° 56065-9 from the Gaj of Sind; they are inflated, 
h igh , and strongly carínate. Preservation is too poor to warrant subgeneric  
identification. A. eofjassinensis, judging from Sacco’s figure, is not Anadara,  
sensu stricto.  By interposita  Sacco m ight have been referring to Scapularca 
<1lobulosa var. interposita (Deshayes).

H  Sacco, P., I. Moll. Ter. terz. de l P iem onte,  Parte XXVI, p. 25, 1898.
(#i) N o e t l i n g ,  M em . Geol. Surv . India, Pai. Indica, n .  s., v o l. 1, N ° 3 , p. 150-151, pi. 7, 

figs. 9a-e, 1901.
(62) V r e d e n b u r g , Mem. Geol. Surv . India,  v o l. 50, p t .  2 , p .  414, 1928.
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EXPLANATION OF PLATE I

F ig . 1.

F ig . 2.

F ig . 3.

F ig . 4.

F ig . 5.

— Anadara (A nadara ) rnediairnpressa  (Clark).
l ’ypes from  type locality  of S an  R am on fo rm ation , C ontra Costa C ounty, C aliforn ia , 

Univ. Calif. locality  1131. Specim ens deposited in  M useum  of P aleonto logy , U niversity  
of C alifo rn ia , B erkeley, Calif. F igs. a, b, c, Univ. Calif. P a ra ty p e  11172, length
21.6 m m . (x2). Fig. d, Univ. Calif. H olotype 11174, in te rio r of young  specim en, r ig h t 
valve, leng th  14.8 m m . ( x2).

— Anadara  (S capharca) in vid iosa  (Casey).
Topotype of Arca delicatula  Casey, a  synonym  of invidiosa,  from  the V icksburg fo rm ation  

of V icksburg, M ississippi. F igured  specim en deposited in M useum  of Paleontology, 
U niversity  of C aliforn ia , B erkeley, Calif., locality  A-1050; No. 10320. Left valve, 
leng th  6.2 m m . (x8.5).

— A nadara  (A nadara) su lc iio sta  (Nyst).
Lectotype an d  topotypes from  the low er T o n g rian , P rov ince of L im bourg , B elgium ; 

deposited in  Musée ro y a l d ’H isto ire  n a tu re lle  de B elgique, B russels. F igs a, ft, c., 
H ypotype, No. 112, both valves a ttached , leng th  21.6 m m . (x2). F igs d, e, f, Lectotype, 
No. 1, M. R. H. N., left valve, leng th  33.8 m m . (x2 ), from  « Sables de V lierm ael ».

— A nadara  (A n a d a ra ?) speyeri (Semper).
Topotype from  S ternberg  sandstone , C hattian , S ternberg  (near M ecklenburg), G erm any; 

depos.ted  in  M ecklenburgische Geologische L and esan sta lt in  Rostock. Left valve, 
leng th  21.5 m m . (x3).

— Anadara [Anadara!) speyeri (Semper).
H ypotypes from  the C hattian  of a  bo ring  a t R osental, R h ine land , G erm any. (W egberg 

sheet of the P reussischen  Spezia lkarte , collected by W. W unstorf.) F igs a, e, left 
valve, No. 916-0, Schenck Collection; leng th  17.3 m m . (x2.9); note beaded ribs. Figs. c, 
d, r ig h t valve, No. 5957, S tan fo rd  Univ. Paleo , type  coll.; leng th  33.5 m ín. ( x l . 5 ) .  
Fig. b, rig h t valve, No. 916-a, Schenck Collection; leng th  15.5 m m . ( x  2.8); note p la in  ribs.
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Plate I.

2. A nadara in v id iosa  (Casey)

1. A nadara rnediairnpressa (Clark).

3. A nadara su lcicosta  (Nyst).

4 . A nadara sp eyer i (Semper) 5. A nadara sp eyeri (Semper).

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

Photo typ ie A . D ohm en. Bruxelles.



P L A T E  II



EXPLANATION OF PLATE II

F ig . i .  

F ig . 2 .

F ig . 3. 

F ig . 4.

F ig . 5. 

F ig . 6.

F ig . 7 .

F ig . 8. 

F ig . 9 .

— A nadara  (A nadara) silícicos ta  (Nyst).
H ypotype No. 142 from  low er T ong rian  (Tg. 1), N eerrepen, B elgium , Coli. de Looz. 

Deposited in  Musée ro y a l d ’H isto ire  n a tu re lle  de B elgique, B russels. R ight valve, 
length  1.9 m m . (x20); juv . Note oblique teeth.

— A nadara [Scapharca ) aquitanica  (Mayer).
H ypotypes from  low er A qu itan ian , M oulin de G am achot, sou theast of B ordeaux, F rance. 

Fig. a, le ft valve, H ypotype No. 5964, deposited  in  S tan fo rd  Univ. Paleo , type coll.; 
leng th  30.5 m m . ( x i .5); no te  beaded ribs. F ig. b, rig h t valve, H ypotype No 5965, 
deposited in  S tan fo rd  Univ. Paleo , type coll.; leng th  32.1 m m . ( x i .5); note sm ooth ribs.

— A nadara [Scapharca  ?) daneyi (Cossmann and Peyrot).
H ypotype from  low er B u rd ig a lian  of M erignac, F rance. No. 5959 deposited in S tan fo rd

Univ. Paleo, type coli. E x terio r of left valve, leng th , 24.0 m m . (x2).

— A nadara [Scapharca  ?) turonica  (Dujardin).
H ypotypes from  Miocene of T oura ine , F rance . Fig. a, ex terio r of rig h t valve, copied

from  F av re  (1914, pi. 30, fig. 193a). Fig. b, H ypotype, No. 5963, deposited in  S tan fo rd  
Univ. Paleo, type coll., from  Sainte-C atherine-de-K erbois (Indre-et-Loire). E x te rio r of 
le ft valve, leng th  36.2 m m . ( x i .8).

— A nadara [A nadara ) d ilu v ii  (Lamarck).
H ypotype from  T o rto n ian  of S aubrigues, F rance. No. 5960 deposited  in  S tan fo rd  Univ. 

Paleo , type  coli. E x te rio r of le ft valve, leng th  18.8 m m . (x3).

— A nadara [A nadara!) gu em beli (Mayer).
Lectotype from  Oligocène m olasse, A ubachgraben, B avaria . No. C-1063, deposited in  

M useum  of Geology, E idgenössich  T echnische H ochschule a t Z ürich , S w itzerland . 
Fig. a, ex terio r; fig. b, do rsa l view ; fig. c, in te r io r  of left valve, leng th  18.6 m m . (x3).

— A nadara [Scapharca) aquitanica  (Mayer).
H ypotype from  A quitan ian  of M oulin de G am achot (G ironde), F rance. No. 5961, deposited  

in  S tan fo rd  Univ. Paleo , type  coli. E x te rio r of r ig h t valve show ing  overlap  of left 
valve; leng th  20.7 mm . (x2).

— Anadara [Scapharca  ?) m eroensis (Olsson).
H ypotype from  H eath  fo rm ation , O ligocene, of Caleto Mero, P eru , No. 5962, deposited  in 

S tan fo rd  Univ. Paleo, type coli. E x te rio r of left valve, leng th  17.0 m m . (x3).

— Anadara [Anadara) granosa  (Linné).
H ypotype from  the «V igo G roup» , Locality  F-15, B ahay  R iver, T ay ab as P rov ince, P. I.; 

deposited in  B ureau  of Science, M anila, P. I. Left valve, leng th  61.3 mm . (x i ) .
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Plate II.

1. Anadara su lcicosta  (Nyst).

5. Anadara d ilu v ii (Lamarck). 7. Anadara aqu itan ica  (Mayer).

8 . A nadara m erœ nsis (Olsson).

2. Anadara aquitan ica (Mayer).

3. Anadara d aneyi (Cossm. e t Peyr.). 6. Anadara guem beli (Mayer).

4. Anadara turonica (D ujardin)
9. A nadara granosa (Linné).

H. Gr. SCHENCK and P. W. REINHART. — Oligocene Anadara.

P hoto typ ia A. D ohm en, Bruxelles.



PL A T E  III



EXPLANATION OF PLATE III

F ig . i .

F ig . 2.

F ig . 3 .

—  Anadara  (A nadara ) ferruginea m aioensis  Schenck and Reinhart n. s u b s p .  
T ypes from  n ee r v illage of W aloe, province of A gusan, Is lan d  of M indanao, P. I. :

P liocene or Pleistocene; deposited in  B ureau  of Science, M anila, P . I. Figs. a, b, e, 
P a ra ty p e , r ig h t valve, leng th  38.2 m m . ( x i .6). Figs. e, d,  H olotype, le ft valve, leng th
36.9 m m . ( x i .8). Figs. f, g, P a ra ty p e , valves a ttached , leng th  17.8 m m . (x2). C onvexity 
(both valves) 10.6 m m . (x2).

— A nadara  (A nadara) ferruginea  (Reeve).
Topotype an d  H ypotype, a  R ecent shell from  M anila, P. I., deposited in S tan fo rd  Univ. 

Paleo, type coll., No. 6057. Left valve, leng th  44 mm . ( x 1.4); he ig h t 30.9 m m ., convexity
13.9 m m ., num ber of rib s  25.

— A nadara  (A nadara ) hankeyana  (Reeve).
H ypotype from  T ertia ry , B a tan  Is land , P . I., deposited  in  B ureau  of Science, M anila, P. I 

R ight valve, leng th  51.7 m m . ( x i ) .

— A nadara (A nadara) hankeyana  (Reeve).
Topotypes from  M ozam bique; Recent; deposited  in  S tan fo rd  Univ. Paleo, type  coli. 

No 6056. R ight valve, length  70.8 m m . (x i ) .
See also  P la te  V, fig. 3.
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P late III.

Anadara ferruginea w alœ n sis nov. subsp.

2. A nadara ferruginea (Reeve).

3. A nadara h an k eyan a  (Reeve).

4. A nadara han k eyan a  (Reeve).

H . Gr. SCHENCK and P. W. REINHART. — Oligocene Anadara.

Photo typ ie A . D ohm en, Bruxelles-





EXPLANATION OF PLATE IV

Fig. 1. — A nadara  (A nadara) granosa  (Linné).
Recent; exact locality  unknow n; probably  Indo-Pacific  m a rin e  m olluscan  province. Type 

specim ens in  the I.innean  Society collection, B urling ton  House, London. Figs. b, c, d, 
L ectotype; r ig h t valve; 48 m m . in  leng th  (x2). F igs. a, e, P a ra ty p e ; left valve; length  
37.5 m m . (x2).

See also  P la te  II, fig. 9.

F ig . 2. — Anadara (A nadara ) bisenensis  Schenck and Reinhart n. sp.
l'he H olotype is from  Bisen, Jap an ; Recent. The H ypotypes a re  from  Jap an , exact 

locality  unknow n. The figu red  specim ens a re  in  the S tan fo rd  Univ. Paleo, type coli. 
F igs. a, b, e, H olotype (two valves), No. 6026; length  47.4 mm . ( x i .5). Fig. c, H ypotype, 
No. 6018, leng th  2.8 m m . (x6). F ,g. /, H ypotype, No. 6024, leng th  49.1 mm . (x i ) .  
Fig. d, H ypotype, No. 6019, leng th  4.6 mm . ( x 5). Fig. g, H ypotype, No. 6025, length  
56.3 mm . (x i ) .

See tab le  X, page 45 fo r ages of shells.
A dditional specim ens a re  figu red  on P la te  V.
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1 Anadara granosa (Linné).

2. A nadara b isen en sis  
Schenck  e t R einhart.

H. G. SCHENCK and P. W. REINHART. — Oligocène Anadara.

P ho to typ ie  A. D ohm en, Bruxelles



P L A T E  V



EXPLANATION OF PLATE V

Fig. i. — A nadara  (A nadara ) bisenensis  Schenck and Reinhart n. sp.
Holotype and  hypotypes from  Japan ; Recent; specim ens deposited in  S tan fo rd  Univ. 

Paleo , type coli. F igs, a , c, d, H olotype (two valves), No. 6026, leng th  47.4 m m . 
( x l . 5 ) ;  fig. b, H ypotype, No. 6022, leng th  26.7 m m . (x2) ;  fig. e, H ypotype, No. 6020, 
leng th  11.7 mm . ( x 4 ) ;  fig. f, H ypotype, No. 6023, leng th  53.1 mm . ( x i ) ;  fig. g, 
H ypotype, No. 6021, leng th  21.8 m m . (x2) .

F ig . 2 . — A nadara  (A nadara ) antiquata  (L in n é ) .
H ypotype from  W est Indies, Recent; deposited in  S tan fo rd  Univ. Paleo , type coli. 

No. 5318. Detail of scu lp tu re  on v en tra l p a rt of r ig h t valve.
See also text figu res 2-5 and  p la te  VI, fig. 3. In te rspaces 1.0 m m . w ide (x2.5).

F ig . 3 . — A nadara  (A nadara ) hankeyana  (R eev e).
Fig. a, H ypotype from  M ozam bique, Recent; deposited  in  S tan fo rd  Univ. P aleo , type coll., 

No. 6056. D etail of scu lp tu re  of v en tra l p a r t of rig h t valve; in te rspaces 0.6 m m . w ide 
( X 3). T his specim en is a  topotype of the species.

See also  P la te  III, fig. 4.
F ig b, H ypotype from  T ertia ry , B atan  Is land , P. I.; deposited in P h il.p p in e  B ureau  of 

Science, No. 224. D etail of scu lp tu re  of an te r io r ven tra l p a r t of r ig h t valve; in terspaces
0.6 mm. w ide ( x 3).

See also  p la te  III, fig. 3.

F ig . 4 . —  Anadara  (A nadara ) ferruginea tim oren sis  K o p e rb e rg .
Lectotype from  the P leistocene, D utch T im or, deposited in  Geologisch In s titu u t, U niversi- 

te it van  A m sterdam , No. A-9776. Figs. a, b, ex terio r an d  dorsa l view s of specim en
36.7 m m . in  leng th  (x l .7 ) . Fig. c, detail of o rnam en ta tio n  of ven tra l p a r t of left valve; 
in terspaces 1.5 m m . w ide (x2.6).

F ig . 5. — Anadara  (A nadara) ferruginea ivaloensis Schenck and Reinhart n. subsp.
Holotype from  the P liocene o r P leistocene of the P rovince of A gusan, M indanao, P. I., 

deposited in  P h ilipp ine  B ureau  of Science, M anila. D etail of o rn am en ta tio n  of 
ven tra l p a r t of the ho lotype of the subspecies, a  left valve; in te rspaces 1.6 m m . 
w ide ( x4).

See also  P la te  III, fig. 1.

F ig . 6 . — A nadara  (A nadara) ferruginea  (R eev e ).
H ypotype from  M anila, P. I., Recent; deposited  in  S tan fo rd  Univ. Paleo , type coll., 

No. 6057. D etail of o rn am en ta tio n  of v en tra l p a r t of left valve; in te rspaces 1.2 m m . 
w ide (x3).

See also  P la te  III, fig. 2.
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Plate V.

1. A nadara b isen en sis S cheuck et R einhart.

3. Anadara h ankeyana (Reeve).
5. Anadara w alœ nsis  

S chenck  et R einhart.
6. A nadara ferruginea  

(Reeve).

Anadara antiquata  
(Linné).

4. Anadara tim orensis
K operberg .

H. G. SCHENCK and P. W. REINHART. — Oligocène Anadara.

P hoto typ ie  A. D ohm en, Bruxelles



P L A T E  VI



EXPLANATION OF PLATE VI

F ig . 1.

Fig. 2 .

F ig . 3.

F ig . 4.

F i g . 5 .

F ig . 6.

F ig . 7.

—  A nadara  (S capharca) aquitanica  (Mayer).
H ypotype from  low er A qu itan ian , M oulin de G am achot (G ironde), F rance . D eposited in 

S tan fo rd  Univ. Paleo, type coll., No. 5953. H inge of r ig h t valve; leng th  of en tire  
valve 32.6 mm . ( x2.9).

— Anadara  (Scapharca) turonica  (Dujardin).
H ypotype from  the H elvetian, M anthelan , n e a r T o u rs  (Indre-et-Loire), F rance , deposited 

in  Schenck coll., No. 1935. H inge of r ig h t valve; leng th  of en tire  valve 42.3 m m . (x2.2).

— A nadara  (A nadara ) antiquata  (Linné).
H ypotype from  W est Ind ies, Recent; deposited  in  S tan fo rd  Univ. Paleo , type coll., 

No. 5318. H inge of r ig h t valve; leng th  of en tire  valve 60.3 m ín. ( x 1.8).

— Anadara  (S caph arca ?) daneyi (Cossmann and Peyrot).
H ypotype from  low er B urd iga lian , M erignac, P ontic , A quitaine B asin , F rance; deposited 

in  S tan fo rd  Univ. Paleo , type coll., No. 5958. H inge of r ig h t valve; leng th  of en tire  
valve 20.5 m m . (x5.2).

— A nadara (A n a d a ra?) speyeri (Semper).
H ypotype from  C hattian , R osental, R h ineland , G erm any; deposited in S tan fo rd  Univ. 

Paleo, type coll., No. 5957. H inge of rig h t valve; leng th  of en tire  valve 33.5 m ín  ( x 3).

—  Anadara  (A nadara) d ilu v ii  (Lamarck).
H ypotype from  T orton ian , Enzesfeld, A ustria; deposited  in  S tan fo rd  Univ. Paleo , type 

coll., No. 5954. H inge of rig h t valve; leng th  of en tire  valve 31.3 m m . (x3.2).

— A nadara (S capharca) fich te li (Deshayes) var.
H ypotype from  T orton ian , R itzing, in  B urgen land , A ustria , deposited  in  S tan fo rd  Univ. 

Paleo, type coll., No. 5956. H inge of r ig h t valve; leng th  of en tire  valve 39.3 m m . (x2.7).

— Anadara  (A nadara ) osm onti (Dali).
H ypotype from  T em blor fo rm ation  (« Miocene »), B a rk e r’s R anch, Section 34, T ow nship  

28 South , R ange 29 E ast, M. 1). M., K ern County, C alifo rn ia; deposited  in  S tan fo rd  
Univ. Paleo , type coll.. No. 5955. H inge of r ig h t valve; leng th  of en tire  valve
44.8 m m . (x2.3).
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P late VI.

1. Anadara (Scapharca) aquitan ica (Mayer) 2 . A nadara (Scapharca) turonica (Dujardin).

îpiywj;

-  ATiTûvmj

3. Anadara (Anadara) antiquata (Linné). 4. Anadara (Scapharca?) d an ey i (Cossm. e t Peyr.).

5. Anadara (Anadara ?) sp eyeri (Semper). 6 . Anadara (Anadara) d ilu v ii (L am arck).

7. A nadara (Scapharca) fichteli (D eshayes).

H. G. SCHENCK and P. W. REINHART.

8. Anadara (Anadara) osm onti (Dali).

— Oligocène Anadara.

P hoto typ ie  A . D ohm an, Bruxelles.
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